(19) 



g 

Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 0 819 332 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
03.03.1999 Bulletin 1999/09 

(21) Application number: 96909912.6 

(22) Date of filing: 03.04.1996 



(51) mtci 6: H02K 15/12, H02K 15/16, 
H02K 5/22, H02K 5/08 

(86) International application number: 
PCT/US96/04723 

(87) International publication number: 

WO 96/31936 (1 0.1 0.1996 Gazette 1996/45) 



(54) INJECTION MOULDED MOTOR ASSEMBLY AND METHOD OF FABRICATION 

SPRITZGEGOSSENEMOTOREINHEIT UND VERFAHREN ZU SEINER HERSTELLUNG 
ENSEMBLE MOTEUR MOULE PAR INJECTION ET SON PROCEDE DE FABRICATION 



(84) Designated Contracting States: 
CH DE ES FR GB IT LI 

(30) Priority: 03.04.1995 US 415639 

(43) Date of publication of application: 
21.01.1998 Bulletin 1998/04 

(73) Proprietors: 

• E.I. DU PONT DE NEMOURS AND COMPANY 
Wilmington Delaware 19898 (US) 

• PACIFIC SCIENTIFIC COMPANY 
Rockford, I L 61 106 (US) 

(72) Inventors: 

• TRAGO, Bradley, A. 
Rockford, IL 61108 (US) 

• BYRNES, Edward, J. 
Eldon, Missouri 65026 (US) 

• NEAL, Griffith, D. 

Paterson Lodge, Singapore 238509 (SG) 



QQ 

CM 

CO 
CO 

O) 
00 

o 

a. 

LU 



(74) Representative: Jones, Alan John et al 
CARPMAELS & RANSFORD 
43 Bloomsbury Square 
London, WC1A 2RA (GB) 



(56) References cited: 
EP-A-0 553 811 
US-A- 3 046 604 
US-A- 4 922 604 



WO-A-91/09441 
US-A- 4 015 154 



PATENT ABSTRACTS OF JAPAN vol. 008, no. 
226 (E-272) 17 October 1984 & JP,A,59 106 864 
(MITSUBISHI DENKI KK) 20 June 1984 
PATENT ABSTRACTS OF JAPAN vol. 005, no. 
167 (E-079) 24 October 1981 & JP,A,56 094 952 
(MATSUSHITA SEIKO CO LTD) 31 July 1981 
PATENT ABSTRACTS OF JAPAN vol. 009, no. 
089 (E-309) 18 April 1985 & JP,A,59 220 051 
(MITSUBISHI DENKI KK) 11 December 1984 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



t 




1 EP 0 81 

Description 

Background of the Invention 
Field of the Art 

[0001] The present invention relates to electric mo- 
tors, and more particularly to a fabrication method and 
related assembly of potted electrical motors. 

Discussion of the Related Art 

[0002] United States Patents 4,922,604 to Marshall et 
ai. and 5,008,572 to Marshall et al. , both assigned to an 
assignee of the present invention and hereby incorpo- 
rated by reference, describe an electrical motor and fab- 
rication method for achieving precise bearing registra- 
tion of an internally disposed rotor assembly. As de- 
scribed more fully in the aforementioned references, an 
electrical motor comprising stator and rotor assemblies 
is fabricated by utilizing a potting compound to both uni- 
tize the stator assembly and provide improved thermal 
characteristics. 

[0003] "United States Patent 4,01 5, 1 54 to Tanaka et 
af. describes a method for making a molded motor hav- 
ing a first laminated ring plate and a second laminated 
ring plate molded into a motor body with a resin compo- 
sition composed of a mixture of thermosetting resin and 
thermoplastic resin. It is noted that a molded body of 
thermoplastic resin alone is apt to be deformed due to 
the lack of its heat resistance, and hence such a resin 
is not suited as a molding material for a motor or trans- 
former. 

[0004] Patent Abstracts of Japan, vol. 8, no. 226 (E- 
272), and JP-A-59- 106864 describes a lead wire draw- 
ing method for a molded motor to prevent a molding ma- 
terial from leaking externally from a molding die. A 
sheath is deployed around the wire and interposed be- 
tween the opposite peripheral edges of the mold. 
[0005] Patent Abstracts of Japan, vol. 5, no. 167 (E- 
79), and JP-A-56-94952 describes a method for reduc- 
ing the amount of resin needed to produce a molded 
motor by inserting fixing pins in holes around the periph- 
ery of the laminated stator core. The fixing pins are 
made of a thermoplastic resin having a melting temper- 
ature which is lower than the temperature of the molding 
resin. The fixing pins fuse the opposed ends of the motor 
at the time of molding without the need to apply molding 
resin about the circumference of the motor" 
[0006] In short, improvements are sought which will 
more efficiently address the aspects described above, 
while maintaining the benefits and advantages in the 
motor assembly and method as described in the '572 
and '604 references. 

Summary of the Invention 

[0007] In view of the foregoing, it is a primary aim of 
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the present invention to simplify and, thereby, achieve 
a lower cost motor assembly and fabrication method, 
than that presently known. 

[0008] Another object of the present invention is to 
5 provide an electrical motor assembly having improved 
thermal characteristics. 

[0009] In more detail, it is an object of the present in- 
vention to eliminate the small air gap between the potted 
windings and the metal of the aluminum end cap. In 

10 even greater detail, an object of the present invention is 
to provide high dielectric paths of good thermal conduc- 
tivity between the electrical conductor and pole structure 
and the exterior of the motor, in order to increase the 
capacity of the motor to dissipate heat. 

is [0010] Another object of the present invention is to 
provide an electrical motor fabrication method that sim- 
plifies the method previously known and used by elimi- 
nating the cost and time demanded by a second potting 
compound cure cycle, while maintaining the structural 
20 integrity of the final motor assembly. 

[0011] Still another object of the present invention is 
to provide an electrical motor assembly having a simpli- 
fied and thus improved electrical connection between 
the internal stator windings and an external connector. 
25 [0012] Additional objects, advantages and other nov- 
el features of the invention will be set forth in part in the 
description that follows and in part will become apparent 
to those skilled in the art upon examination of the fol- 
lowing or may be learned with the practice of the inven- 
30 tion. The objects and advantages of the invention may 
be realized and obtained by means of the instrumental- 
ities and combinations particularly pointed out in the ap- 
pended claims. 

[0013] To achieve the foregoing and other objects, 
35 one aspect of the present invention is directed to a meth- 
od of producing an electrical motor, wherein an interme- 
diate or unfinished stator assembly is formed by com- 
piling a stack of stator laminations and stator windings. 
The intermediate stator assembly is then placed into a 
40 mold, and molten plastic is injected under pressure into 
the mold, whereby the molten plastic is forced into and 
fills interior voids between poles of the intermediate sta- 
tor assembly. The molten plastic also forms a rear end 
cap for the stator assembly. The plastic used in this in- 
4£ vention may be any thermoplastically processible resin, 
or blends of such resins. The resin may optionally in- 
clude additives such as ffame retardants, reinforce- 
ments, colored pigments, fillers, plasticizers, heat Or 
light stabilizers. Next, a continuous bore is machined 
so through the center of the molded stator assembly to pro- 
duce a concentric bore for housing a rotor assembly; the 
bore also providing mounting surfaces for receiving ro- 
tor assembly bearings. Finally, the rotor assembly is 
mounted into the stator assembly by inserting the rotor 
55 assembly into the continuous bore and engaging the ro- 
tor bearings with the mounting surfaces. 
[001 4] A related aspect of the present invention is di- 
rected to the injection molded electrical motor assembly, 
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which includes a rotor assembly having a central rotor 
portion on a rotor shaft, and a rotor bearing disposed 
near each end of the rotor shaft. A unitary stator assem- 
bly includes a stator lamination stack which forms stator 
poles that carry stator windings, and front and rear end 
caps. The stator poles and windings are substantially 
encapsulated by an iniection molded plastic mass, 
which fills the space between the stator poles. The mold- 
ed plastic also integrally forms the rear end cap. A con- 
tinuous bore formed in the stator assembly through the 
front end cap, the stator lamination stack, and the rear 
end cap, forms mounting surfaces in the end caps for 
receiving the rotor bearings; the rotor assembly being 
carried within the bore by an engagement between the 
rotor bearings and the mounting surfaces in the end 
caps. 

[0015] Having summarized the present invention 
above, the discussion will now be directed to a preferred 
embodiment of the invention. As an intermediate step 
of the fabrication process of a preferred embodiment, a 
matrix of conductive pins is fusion welded to the stator 
windings. The rear end cap is formed by the injection 
molded molten plastic to surround the matrix of pins and 
form a connector housing about the conductive pins. In 
this way, the motor assembly provides a connector that 
is readily adapted for electrical connection to an external 
or remote source for controlling the motor. The injection 
molded end cap is an extension of the injection molded 
mass in the stator, and thus provides an efficient con- 
tinuous path for dissipation of heat generated in the 
windings. 

Brief Description of the Drawings 

[0016] The accompanying drawings incorporated in 
and forming a part of the specification, illustrate several 
aspects of the present invention, and together with the 
description serve to explain the principles of the inven- 
tion. In the drawings: 

Figure 1 is a perspective view illustrating a com- 
pletely assembled motor constructed in accordance 
with one embodiment of the present invention; 
FIG. 2 is a partially exploded view showing a motor 
according to the invention with the rotor assembly 
removed from the stator assembly; 
FIG. 3 is a process flow chart illustrating the steps 
of constructing a motor in accordance with the pre- 
ferred embodiment of the present invention; 
FIG. 4 is an elevational view illustrating a partially 
assembled rotor, including a partial cut-away view; 
FIG. 5 is an elevational view illustrating a rotor as- 
sembly with bearings and bushing in place and 
ready for insertion into a stator assembly; 
FIG. 6 is an elevational view of an individual stator 
lamination, illustrating the inwardly directed stator 
poles and pole teeth; 

FIG. 7 is a perspective view showing an assembled 
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stator lamination stack made up of individual lami- 
nations as illustrated in FIG. 6; 
FIG. 8 is a perspective view of the front end of the 
stator lamination stack of FIG. 7 with insulators and 
s stator windings in place; 

FIG. 9 is the cut-away view as illustrated by arrows 
in FIG. 6, illustrating a wound stator assembly within 
the caps and connector in place: 
FIG. 10 is a perspective view of the rear end of the 

10 unfinished stator assembly, showing the insulators, 
stator windings, and matrix of connector pins in 
place; 

FIG. 11 is a partial view illustrating the matrix of con- 
nector pins as disposed in relation to the stator lam- 
15 ination stack; 

FIG. 1 2 is a partial view illustrating the partially com- 
pleted stator assembly of FIG. 9 after injection 
molding; 

FIG. 13 is a view similar to FIG. 12 illustrating the 
20 injection molded assembly after it has been ma- 
chined and is thus ready for insertion of the rotor 
assembly; 

FIG. 14 is a side elevational view showing a mold 
fixture used in fabricating the motor assembly of the 

25 present invention; 

FIG. 1 5 is a perspective view with a partial cut-away 
of the mold fixture shown in FIG. 14; 
FIG. 16 is a partly broken away side view, and FIG. 
17 is an axial section taken along the line 17-17 of 

30 FIG. 16, respectively, showing an alternative con- 
struction of motor adapted for practice of the 
present invention; 

FIG. 18 is an elevational view of a rotor assembly 
for the motor of FIGS. 16 and 17; and 
35 FIGS. 19 and 20 are an elevational cross section 
and an axial cross section taken along the line 
20-20 at FIG. 19, respectively, showing a perma- 
nent magnet motor adapted for practice of the 
present invention. 

40 

[001 7] Reference will now be made in detail to various 
presently preferred embodiments of the invention, ex- 
amples of which are illustrated in the accompanying 
drawings. 

45 

Detailed Description Of The Preferred Embodiments 

[0018] Turning now to the drawings, FIG. 1 shows a 
perspective view of a hybrid permanent magnet step- 

50 ping motor, and FIG. 2 a partly exploded view showing 
the rotor and rotor retaining elements removed from the 
stator assembly. It will be noted at the outset, however, 
that while the invention will be described in connection 
with a hybrid stepping motor, it is also applicable toother 

55 motor types. For example, the invention is applicable to 
brushless variable reluctance stepping motors, perma- 
nent magnet brushless motor designs, switched reluc- 
tance motors, enhanced variable reluctance motors, as 
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well as enhanced and unenhanced stepping motors of 
the hybrid stepping type. Finally, induction motors could 
also utilize the present invention as could other motor 
types as will be apparent to those skilled in the art upon 
reading the following detailed description. 
[0019] Referring to FIGS. 1 and 2 : there is shown a 
hybrid stepping motor generally designated by refer- 
ence numeral 20 comprised of a stator assembly 21 and 
a rotor assembly 22. The rotor assembly is fitted with 
bearings 23, 24 which in turn mount in end caps 25, 26 
that support the rotor assembly 22 for rotation in the sta- 
tor assembly 21 . The end caps 25, 26, sandwich a cen- 
tral stator lamination stack 27 that forms stator poles 
which carry stator windings (not shown in FIGS. 1 and 
2). In the presently preferred embodiment, the stator 
laminations are aligned in registry and initially secured 
by weld joints 70 (See FIG. 7) along the corners of the 
lamination stack. As will be described in greater detail 
below, the lamination stack is further secured by means 
of a high-strength injection molded plastic which com- 
pletely encapsulates the interior of the lamination stack 
and preferably projects partly into a central bore 30 after 
molding. The bore 30 is then machined as by honing to 
form bearing surfaces 31, 32 (See FIG. 9) in the end 
caps 25, 26 and also to form a smooth bore 30 through 
the lamination stack 27, contiguous with the bearin g sur- 
faces 31 , 32. 

[0020] In the illustrated embodiment of FIG. 2, retain- 
ing rings 36 secure the rotor assembly 22 in the stator 
assembly 21 . In another embodiment, the rotor assem- 
bly 22 is retained in the stator assembly by a press-fit 
engagement between bearings 23, 24 and receiving 
surfaces 31 , 32. The front end cap 26 has a flange 37 
which in turn has a machined surface 38 with a mounting 
boss 39 to locate the motor in a mounting bracket. 
Mounting holes 40 provide means for mounting the mo- 
tor to its bracket (not shown). The rear end cap 25 in- 
cludes an integral electrical connector 41 for supplying 
power to the stator windings. 

[0021] As shown in FIG. 2, the rotor assembly 22 in- 
cludes a rotor shaft 50 which supports a rotor section 
51, (i.e., the portion of the rotor which is magnetically 
active) and outboard bearings 23, 24. In the illustrated 
embodiment, the rotor comprises toothed lamination 
sections 52, 53 separated by a permanent magnet 54. 
The magnet is positioned to provide the lamination sec- 
tions 52, 53 with opposite magnetic polarities making, 
for example, lamination section 52 a north pole and lam- 
ination section 53 a south pole. In one embodiment, the 
laminations are formed with external teeth, of the same 
pitch as the teeth associated with the stator poles of the 
stator assembly. Other ratios of stator/rotor pitch can al- 
so be used such as 52/50 or 48/50. As is known in the 
art, the teeth of section 53 are offset by about one half 
pitch with respect to the teeth of the section 52 in order 
to form a hybrid permanent magnet rotor. Thus, when 
the stator windings are energized by a drive current cou- 
pled through the pins of connector 41 , the rotating mag- 



netic field which is produced in the stator tends to suc- 
cessively align the teeth of rotor lamination sections 52, 
53, with the field of the stator teeth, causing the motor 
to step in sequence. Control of the rotational rate and 
5 direction of the stator field thus allows control of the rate 
and direction of rotor rotation. 

[0022] Turning now to FIG. 3, there is illustrated the 
process for fabricating a motor in accordance with the 
present invention. Concentrating first on the rotor as- 

10 sembly, it is seen that the primary raw materials which 
go to make up the rotor are brought together at process 
step 100, and include rotor shafts, rotor laminations (or 
prestacks) and magnets. Those items are assembled at 
a step 1 01 and the assembled rotor which results is best 

*s illustrated in FIG. 4. There is shown a rotor shaft 50 hav- 
ing a pair of lamination stacks 52, 53 disposed thereon, 
with a permanent magnet 54 interposed between the 
lamination stacks forming a rotor section 51 intended to 
be driven by the rotating magnetic field produced by the 

20 stator. In a hybrid permanent magnet stepping motor, 
the rotor laminations 52 and 53 have alternate teeth and 
valleys of a given pitch related to (as described above) 
the pitch of the teeth on the stator poles. Moreover, the 
teeth in the sections 52 and 53 are offset with respect 

25 to each other by one-half pitch. The magnet 54 serves 
to magnetically polarize the stacks 52, 53 with, for ex- 
ample, the stack 52 being a north pole and the stack 53 
being a south pole. 

[0023] The shaft 50 has a pair of machined sections 

30 60, 61 adapted to receive the inner race of bearings 23, 
24 (FIG. 5) for support of the rotor within the stator as- 
sembly. The shaft 50 can have its output end keyed as 
illustrated, unkeyed if desired, or with any other adaptor 
configuration. The motor can also be configured with an 

35 output shaft on the rear end to form a double-ended mo- 
tor. Such constructional details form no part of the 
present invention and will not be emphasized herein. 
[0024] Having assembled the rotor 22 in step 101 
(FIG. 3), the rotor is then passed to a grinding station 

40 where step 1 02 is performed to grind the rotor outer di- 
ameter. Such grinding tends to produce teeth in the lam- 
ination stacks 52, 53 which have relatively sharp cor- 
ners. In addition, the grinding step produces a rotor 
which is substantially concentric and therefore can op- 

45 erate in a carefully machined stator bore with a relatively 
small air gap. 

[0025] Having thus configured the rotor magnetic sec- 
tion 51 , and after machining debris is cleaned from the 
rotor, a step 1 03 is then performed in which bearings 22, 

so 23 are assembled onto the bearing support surfaces 60, 
61 of the rotor. In the exemplary embodiment, spacer 
bushings 62, 63 are interposed between the bearings 
23, 24 and the lamination stacks 52, 53 respectively. 
The bushings ride between the lamination stack and the 

55 inner race of the bearings to form a spacer element to 
properly locate the bearings on the shaft. The bearings 
are press fit on the shaft, preferably in an appropriate 
fixture, in the step 103. 
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[0026] Referring to FIG. 5, there is shown the rotor 
assembly including bearings 23, 24 and the spacing 
bushings 62, 63, providing a rotor assembly which is 
ready for insertion into a stator assembly. FIG. 5 illus- 
trates, in somewhat exaggerated fashion, the fact that 
the outer diameter of the bearings 23, 24 is slightly 
greater than the outer diameter of the rotor section 51. 
It was previously noted that the stator bore is a contin- 
uous straight through bore formed in a single operation 
after assembly of the stator. Thus, providing the bear- 
ings 23, 24 with a slightly greater outer diameter than 
the rotor secWon 51 allows the entire rotor assembly to 
be inserted into the bore, with the outer race of the bear- 
ing 23, 24 seating in the bearing surfaces of the end 
caps while the rotor section 51 has a sufficient, although 
a very small, clearance for rotation. The precision there- 
by achieved allows the motor to be configured with a 
relatively small air gap, thus providing higher torque and 
efficient operation. 

[0027] As illustrated in FIG. 3, the initial raw material 
component for the stator assembly procedure is individ- 
ual stator laminations which are assembled in a step 
105. An individual lamination 27a is illustrated in FIG. 6. 
it is seen that each lamination, which can be formed by 
stamping, has a series of poles 66a with a plurality of 
teeth 67a formed on each of the poles. The poles 66a 
are separated by gaps 68a which provide an area for 
receiving the stator windings. The laminations also have 
punched clearance holes 69a through which alignment 
bolts can pass for initially registering the stator assem- 
bly. Preferably a clearance hole 69a is associated with 
each pole 66a such that the stator laminations are sym- 
metrical and can be installed in any of eight orientations. 
Thus, it is possible in assembly to turn the stator lami- 
nations with respect to each other such that the grain of 
the steel from which the laminations are made is not in 
a single direction, allowing the magnetic properties of 
the lamination stack due to grain to be averaged. 
[0028] As illustrated in FIG. 7, the step 105 (FIG. 3) 
is implemented by assembling a stack of laminations of 
a predetermined height and affixing the laminations to- 
gether, in the illustrated embodiment by means of welds 
70. Alternatively, prestacks (i.e., groups of laminations 
joined by stamped dimples formed during the lamina- 
tions stamping operation) may be used. Using the weld- 
ing technique, preferably a stack of laminations is 
placed under pressure, and automatic machinery gaug- 
es that the laminations stack is of the appropriate height 
before the welds are made. If it is not laminations are 
either added or removed until the desired height is ob- 
tained at which point automatic welding equipment pref- 
erably applies four welds 70 at corners of the lamination 
stack displaced 90 degrees from each other. As seen in 
FIG. 7, the assembled lamination stack thereupon pro- 
vides a pole structure 66 separated by inter-pole wind- 
ing gaps 68, each pole structure having axially disposed 
teeth 67 of a predetermined pitch. It is also seen that the 
anchor holes 69 are aligned such that an alignment bolt 



or injection molding needle can pass through the lami- 
nation stack at the appropriate point in the assembly 
process. 

[0029] After the lamination stack is assembled, and in 
s the optional case where an "enhanced" motor is to be 
produced, in a step 1 05 elongate magnetic strips 85 are 
inserted in each gap between stator teeth 67 (See FIG. 
12). As will be described below, the magnets which are 
inserted between stator teeth tend to enhance the mag- 
10 netic properties of certain classes of motor. The mag- 
netic strips have sufficient frictional engagement with 
and magnetic attraction for the gaps into which they are 
inserted to temporarily maintain the strips in place dur- 
ing subsequent manufacturing steps until they are firmly 
is secured in their gaps by means of injection molded plas- 
tic material. 

[0030] Following the magnet insertion step 1 05 if per- 
formed, or the simple welding of the lamination stack 
1 05 for a non-enhanced motor, as shown in FIG. 3 sub- 

20 sequent operations are performed on the assembled 
lamination stack to associate the stator electrical com- 
ponents with the stack and to magnetize the stator 
poles. In this regard, the stack is insulated, wound, and 
the windings are terminated. In FIG. 3 the insulation step 

25 js indicated at 106. Preferably, discrete insulators are 
supplied along with the welded stator lamination stack 
in order to provide appropriate insulation between the 
stator windings and the lamination stack. Turning briefly 
to FIG. 8, one end of the insulator assembly is illustrated 

30 at 71 and is shown to completely line the slot 68 as well 
as to cover the face 72 of each pole 66. Upstanding in- 
sulator sections 71 ' help retain the stator windings, and 
will interface with the end cap when they are juxtaposed. 
Bolt protectors 71 " insulate the fasteners 28 and prevent 

35 contact between the fasteners and the windings. A mat- 
ing end for the insulator is illustrated in FIG. 10 at 90. It 
is seen that the insulator 90 is similar to the insulator 71 
in that it provides a face 92 for insulating the end of the 
pole, channels 93 which completely line the inter-pole 

40 slots, and upstanding projections 90' for retaining the 
stator windings. FIG. 1 0 illustrates bolt protectors 90" on 
the rear facing insulator section. Since the rear end cap 
25 is formed from molded plastic and bolts are not used 
to secure it to the lamination stack 27, it should be ap- 

45 predated that the bolt protectors 90" are not necessary. 
However, in a preferred embodiment they are main- 
tained so that insulator sections 71 and 90 are inter- 
changeable and only one type needs to be stocked. 
Moreover, the bolt protectors 90" provide an irregular 

50 face that enhances the bond formed between the mold- 
ed rear end cap 25 and the lamination stack 27. 
[0031] Having thus insulated the pole structure, wind- 
ings schematically illustrated at 73 are applied (FIG . 1 2), 
preferably automatically, to each of the poles in a step 

55 107 (FIG. 3). The windings serve as means for magnet- 
izing the poles on which they are wound. It will be ap- 
preciated that in the typical case, a winding of significant 
dimension (more significant than illustrated in the FIGS.) 
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will build up in order to get the necessary turns on each 
pole. It is seen, however, that the turns are insulated 
from the magnetic structure by means of the insulator 
sections 71 , 90. Having wound the coils in step 107, the 
coil ends are then terminated in step 108. In this step, 
conductive pins 94 are aligned in a row or matrix by 
spacer 95 - the pins having a projecting end 94' and a 
terminating end 94" (See FIG. 11). 
[0032] In the illustrated motor which has eight pole 
structures each with a winding, eight pins 94 are provid- 
ed for terminating the coiJ ends. Thus, at the start of the 
windings, a first end of a coil is fusion welded to the ter- 
minating end 94" of a pin 94, wound around four poles, 
then fusion welded to the terminating end of another pin. 
It should be appreciated that a larger matrix of conduc- 
tive pins 94 may be desired if, for example, the coils are 
bifilar wound, if a separate coil is desired for each pole, 
or alternatively, if a larger number of stator poles are pro- 
vided. 

[0033] Having thus configured the stator electrical 
components including the magnetic stator lamination 
stack and the associated electrical components, a step 
110 (FIG. 3) is performed to assemble the stator. In the 
preferred embodiment, this step is performed by align- 
ing and securing a front end cap 26 with the lamination 
stack. Preferably, four self tapping screws 28 secure the 
end cap 26 to the lamination stack 27, in a fashion suf- 
ficient to maintain alignment during motor fabrication, 
and subsequently during motor operation. As will be de- 
scribed in more detail in connection with FIGS. 14 and 
15, the mold fixture is adapted to maintain precise reg- 
istration between the front end cap 26 and the lamina- 
tion stack 21. Preferably, the front end cap 26 is cast 
aluminum, and has pilot holes 80 that align with anchor 
holes 69 of the lamination stack. 
[0034] Since, in practicing the invention, the motor is 
to be pressure filled with a molten plastic, the practice 
of the invention further contemplates the sealing of the 
stator elements to prevent leakage of the molten plastic 
during the injection step. This sealing is accomplished 
in the present invention during the injection molding 
process. For example, as will be described below, a 
yoke is utilized to seal leakage around the front end cap, 
and pressure applied to the mold during the injection of 
high pressure molten plastic prevents leakage during 
the injection step. 

[0035] In accordance with the invention, the prelimi- 
nary secured assembly, registered by means of a mold- 
ing fixture (shown in FIGS. 14 and 15), is permanently 
secured in position by injection molding of the stator as- 
sembly, following which concurrent machining of the 
bearing surfaces in the end caps and the stator bore pro- 
vides a registered, fixed stator assembly ready to re- 
ceive its associated rotor assembly. The molding step 
111 (FIG. 3) is better understood by reference to FIGS. 
14 and 15 which illustrate the molding step, and FIG. 9 
which shows the stator assembly after molding, and af- 
ter removal of the molded stator from the fixture of FIGS. 



14 and 15. Also shown in these figures is the matrix of 
conductive pins 94 which terminate the stator windings 
and brings them to the external connector 41 . 
[0036] Preferably, molding is accomplished with a 
5 central mandrel inserted through the bore of the stator 
providing a small clearance between the stator lamina- 
tions and the mandrel. As a result, a thin layer of plastic 
98 covers the stator pole teeth 67 and lines the center 
bore that houses the rotor. The plastic further surrounds 
fo the stator windings, and fills the anchor holes 69. In- 
deed, during the molding step, molten plastic is forced 
into and flows through the anchor holes 69 and into 
aligned pilot holes 80, provided in the front end cap. 
Once the assembly cools and the plastic has solidified, 

is a plastic mass is integrally formed within the pilot and 
anchor holes. Preferably, the pilot holes 80 include a 
chamfered counterbore 80' that cooperates with the 
plastic mass to securely hold the front end cap in registry 
with the stator lamination stack. 

20 [0037] It is preferred to reinforce the plastic fasteners 
with self -tapping screws 28. In some embodiments, the 
molten plastic forced into the apertures in the stator and 
in the end cap can form plastic rivets which will secure 
the end cap in place, at least for low loads. In other cas- 

25 es, where operating temperatures can be more severe, 
or the loads driven by the motor higher, it is preferred to 
use metal screws to enhance the attachment between 
the end cap 26 and the stator. !t will be appreciated that 
it is the end cap 26 which is typically used to mount the 

50 motor to the apparatus which it drives. 

[0038] Thus, in the embodiment using screws for en- 
hancing the attachment of the front end cap to the stator 
assembly, self-tapping screws 28, having a slightly 
smaller diameter than the end cap holes 80, are self- 

35 tap p in gly screwed into the anchor holes 69 to firmly affix 
the end cap 26 to the stator housing. Subsequently, dur- 
ing the injection molding step, molten plastic flows 
through the anchor holes, and into the end cap, to sur- 
round the exposed portions of the screws 28. When the 

40 motor is then mounted in place by securing the front end 
cap 26 to the apparatus which it is intended to drive, the 
affixation provided by the combination of injection mold- 
ing and self-tapping screws provides a rigid assembly 
which maintains the integrity of the motor, and resists 

45 relative movement between the components of the sta- 
tor, even in the presence of significant temperature ex- 
cursions encountered during operation. The steel-to- 
steel contact between the screws and the stator assem- 
bly also serves to eliminate creep during temperature 

50 cycling of the motor. 

[0039] As shown in FIG. 9, the rear end cap 25 is en- 
tirely formed by the molded plastic in step 111 (FIG. 3). 
The plastic of end cap 25 surrounds the conductive pins 
94 and spacer 95, to support the pins 94 in a fixed rela- 
ys tion, and to form a connector body. Before step 111, and 
in the preferred embodiment, the pins 94 and spacer 95 
are held in place merely by the rigidity of the stator wind- 
ings that are fusion welded to the pins 94 (See FIG. 11). 
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Alternatively, however, the spacer 95 and conductive 
pins could be integrally formed with the insulator 90 
(FIG. 10), thereby being rigidly disposed prior to step 
111. 

[0040] It will be noted at this point that fusion welding 
is the preferred means of electrically and mechanically 
connecting the pins 94 to the terminating ends of the coil 
wires. Not only is a secure mechanical and electrical 
connection provided, but that connection can be 
achieved without the need for stripping the insulating 
varnish from the wires. The fusion welding step is ac- 
complished without stripping of the insulation, and 
serves to burn through the insulation at the fusion weld- 
ed point in order to achieve the aforementioned secure 
mechanical and electrical bond. 
[0041] A connector housing 41 is disposed about the 
conductive pins 94, and is integrally formed as part of 
the rear end cap 25. Beneficially, this connector 41 con- 
figures the motor for ready electrical connection to a ca- 
ble that is ultimately connected to a motor driver for con- 
trolling the motor. It can be appreciated that, in this way, 
an external controller can be conveniently connected to 
the stator windings of the motor, and thereby placed in 
direct control of the motor operation. 
[0042] In a alternative embodiment, not shown in the 
FIGS., a motor may be manufactured wherein both the 
front and rear end caps 26, 25 are formed by high- 
strength injection molded plastic. It is preferred, howev- 
er and as illustrated, to retain an aluminum front end 
cap, due primarily to the heat transfer characteristics of 
aluminum. More specifically, since aluminum is a better 
thermal conductor than plastic, maintaining an alumi- 
num front end cap 26 provides better thermal transfer, 
and therefor better heat dissipation, away from the mo- 
tor. In this regard, heat dissipation is further improved if 
the motor is mounted by way of mounting holes 40 (FIG. 
2) to a structure that would effectively serve as a heat 
sink. 

[0043] After molding is completed and the stator as- 
sembly removed from the mold fixture, the stator ap- 
pears as suggested in FIG. 12. The molded plastic ma- 
terial 82 completely covers all of the pole teeth 67, fills 
all of the voids around the windings as shown in FIGS. 
12 and 13, as well as all voids in the end caps, to form 
a continuous surface extending through the center of the 
stator assembly. Furthermore, the molded plastic mate- 
rial is selected to have a thermal heat transfer constant 
which is substantially better than that of air, and thus the 
motor is better able to conduct heat generated in the 
stator to the ambient. As a result, temperature buildup 
in the motor is effectively dissipated, particularly as com- 
pared to a motor having a conventional case. Thermal 
transfer, and thus heat dissipation, is also improved as 
compared to motors of the type described in the '572 
and '604 patents having a potted stator assembly, inso- 
far as the injection molded motors have fewer and small- 
er pockets of air. 

[0044] Having thus molded the stator assembly, in- 



cluding end cap 25 in the step 111 (FIG. 3), a step 112 
is performed to machine the central bore. Any number 
of machining techniques can be utilized to form the cen- 
tral bore including boring, grinding, broaching, honing 
5 or lapping. In the presently preferred embodiment of the 
invention, a form of honing, sometimes called diamond- 
bore finishing, is used, preferably with multiple stations. 
Lapping can also be used. In very high volume manu- 
facture broaching may be preferable. In the currently 

io preferred practice of the invention, multiple diamond fin- 
ishing stations are used, and are arranged to assure that 
some material is removed at each station. The initial 
cuts remove primarily plastic material from the stator 
and aluminum from the front end cap. As illustrated in 

15 FIG. 9, it is desired to form the center bore so as to leave 
a thin layer of molded plastic 98 between the stator pole 
teeth 67 and the sidewalls of the center bore. 
[0045] Alternatively, it may be desired to continue the 
honing operation until it has opened the bore 33 so that 

20 the tools contact the stator laminations. Thus, as the 
successive honing operations are carried out, material 
is ultimately removed from the teeth 72 of the stator as- 
sembly and at the same time from the bearing surfaces 
31, 32 of the end caps to machine a smooth and con- 

25 tinuous bore 33 through the entire stator assembly. The 
machining in the end caps forms bearing surfaces for 
slip fit of the rotor bearings while the machining of the 
lamination stack sharpens the corners of the stator pole 
teeth 67 to produce a uniform bore for minimum air gap 

30 and enhanced magnetic coupling. 

[0046] it will be appreciated that in practicing the in- 
vention no machining was needed on either of the end 
caps 25, 26 prior to the finishing operation which forms 
the bearing surfaces. Typically, motors have machined 

35 flanges for accurate mounting of the motor in its end use 
apparatus. Thus, having completed the honing opera- 
tion and thus formed a central bore in the motor which 
will define the center line of rotation of the rotor, the bore 
is used as a registration pilot for machining a mounting 

40 flange 38 on the face of the motor. Typically, the flange 
is machined on a lathe, and subsequent to machining 
of the mounting flange, the tool is changed and grooves 
83 are machined in the bearing surfaces 31, 32 for ac- 
cepting the retaining rings 35, 36. Following the perform- 

45 ance of the step 1 1 3 for such finish machining, the stator 
assembly is prepared to receive a rotor and thus pro- 
duce an assembled motor. 

[0047] More particularly, a step 115 is performed in 
which the rotor assembly produced in the step 103 is 

50 joined with the stator assembly in step 113 to produce 
a completed motor. It is simply necessary to install one 
of the retaining rings, say, front ring 36 in the end cap 
26, then slide the rotor assembly with bearings into the 
bore 33. Thrust means 36a such as a wave washer and 

55 spacers 36b, if necessary, are installed above the bear- 
ing to foad the bearings in one direction. Following in- 
sertion of the rotor, the rear clip 36 is put in place pro- 
ducing a completed motor. A step 116 (FIG. 3) is then 
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performed to magnetize the rotor in a conventional fash- 
ion. 

[0048] One of the significant advantages which is 
achieved by the assembly techniques of the present in- 
vention is the ability to produce "enhanced" stepping 
motors, that is, motors having magnetic inserts between 
the stator teeth for enhancing the flux paths and produc- 
ing correspondingly enhanced performance. Reference 
is made to the following U.S. patents for a description 
of the structure and function of enhancement achieved 
by insertion of magnets in the slots between the teeth 
of the pole structure: Horber U.S. Patent No. 4,71 2,028, 
Mastromattei U.S. Patent No. 4713,570 and Gamble U. 
S. Patent No. 4,763,034. FIGS. 12 and 13 of the present 
application reflect the techniques of the aforementioned 
patents applied to the instant motor structure. 
[0049] FIGS. 12 also illustrates the thin runner of ma- 
terial 98 formed over the stator teeth 67 during the mold- 
ing operation and later machined away. More particular- 
ly, referring to FIG. 12, it is seen that molded plastic ma- 
terial completely fills the inter-tooth gap including all in- 
terstices between the magnets 85 and the teeth 67, cov- 
ering all of the magnets and teeth to form a thin layer of 
plastic materiaf comprising a continuous surface 
throughout the bore of the motor. FIG. 12 illustrates the 
motor after molding and prior to honing of the bore. As 
described in connection with FIG, 9, it is desired, in one 
embodiment, to leave a thin layer of plastic over the sta- 
tor pole teeth. Alternatively, it may be desired to continue 
the honing operation until the stator pole teeth are ex- 
posed. To this end, FIG. 1 3 illustrates the condition after 
the bore is finished, showing a continuous surface for 
the internal bore, such continuous surface at different 
parts including the molded plastic material, exposed 
teeth 67 and exposed magnets 85 (when present). 
[0050] In keeping with the description of FIGS. 1 2 and 
13, no attempt was made to illustrate the inserts in the 
other smaller scale figures in order to avoid confusing 
those drawings. However, from the illustration of FIGS. 
12 and 1 3, it will now be apparent to those skilled in this 
art how the enhancement magnets are utilized in prac- 
ticing the present invention. As shown in FIGS. 12 and 
1 3, magnetic segments 85 are inserted in gaps between 
the stator teeth 67. While in the past it had been neces- 
sary to glue the segments in place then vacuum impreg- 
nate the pole faces, or to varnish the stator, such steps 
can be avoided. More particularly the magnetic seg- 
ments 85 preferably are relatively strong magnets such 
as samarium cobalt. Since the internal diameter of the 
stator may be honed prior to insertion of the rotor, it will 
be appreciated that magnetic debris is generated as the 
magnetic segments are honed. This debris is highly 
magnetic and tends to adhere to the laminations. 
[0051] In practicing the present Invention, however, 
the molded plastic material is allowed to enter the inter- 
nal bore and thus entirely encompasses the magnetic 
segments 85. A completely smooth bore Is provided 
which remains smooth as it is lapped or honed. Thus, 



even though highly adherent magnet debris may be 
generated in the honing operation, since the internal 
bore 33 is completely smooth, it is a relatively easy mat- 
ter to mechanically clean the bore, and provide a clean 
5 and unobstructed bore in which the rotor can rotate. 
[0052] FIGS. 12 and 1 3 illustrate a further benefit of 
the molding and subsequent honing procedure when 
used with motors of the enhanced type. It will be appre- 
ciated that molded plastic material is lorced into any 

10 crevice in the inter-tooth gaps, serving as a bonding 
agent to hold the enhancement magnets in place. Sub- 
sequent honing of the molded stator produces a smooth 
bore in which the stator teeth and magnets may be ex- 
posed, molded plastic material also forms a pan of that 

15 smooth bore and assures the holding of the enhance- 
ment magnets in place in the inter-tooth gaps. 
[0053] The plastic material between the teeth also 
serves an important purpose for non-enhanced motors 
as well. In most machining operations, including the pre- 

20 f erred diamond finishing operation, material is removed 
from the stator teeth by a tool which is constantly moving 
in the same direction, often at a relatively high rate. It is 
noted that using the preferred diamond finishing tech- 
nique, it is preferred to utilize a tool speed of about 650 

25 rpm and an advance rate of about 7.87 cm (20") per 
minute. With no backing material between the teeth, 
particularly with high speed cutting, the shearing effect 
of the tool against the unsupported tooth would tend to 
distort the tooth trailing edges as material is sheared 

30 from the tooth face. Injection molding of the stator in 
such a way that all of the inter-tooth gaps are filled with 
high-strength plastic prior to machining puts a layer of 
backing material between the teeth such that as the tool 
removes material from the tooth it is supported by the 

35 backing material in the gap and does not distort or shear 
in such a way as to deform the edge as the tooth is ma- 
chined. The result is very sharp edges on the teeth sub- 
stantially free of distortion, and such sharp teeth con- 
tribute to the uniformity of magnetic paths through the 

40 motor. 

[0054] Having been briefly referenced previously 
more detailed reference will now be made collectively 
to FIGS. 14 and 15, showing the mold fixture. As used 
herein, the terms "plastic", "molten plastic", "high 

45 strength molten piastic", "molded plastic material" and 
"plastic material 1 ' are defined as any thermoplastically 
processible resin. Examples of suitable thermoplastic 
resins include, but are not limited to, thermoplastic res- 
ins suchas6,6-polyamide, 6-polyamide, 4,6-polyamide, 

50 1 2, 1 2-polyamide, 6,1 2-poIyamide, and polyamides con- 
taining aromatic monomers, polybutylene terephtha- 
late, polyethylene terephthalate, polyethylene napththa- 
late, polybutylene napththalate, aromatic polyesters, liq- 
uid crystal polymers, polycyclohexane dimethylol 

55 terephthalate, copolyetheresters, polyphenyiene 
sulfide, polyacylics, polypropylene, polyethylene, poly- 
acetals, polymethylpentene, polyetherimides, polycar- 
bonate, polysulfone, polyethersulfone, polyphenyiene 
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oxide, polystyrene, styrene copolymer, mixtures and 
gratt copolymers of styrene and rubber, and glass rein- 
forced or impact modified versions of such resins. 
Blends of these resins such as polyphenylene oxide and 
polyamide blends, and polycarbonate and polybutytene 
terephthalate, may also be used in this invention. 
[0055] A preferred thermoplastic resin is a glass rein- 
forced polyethylene terephthalate thermoplastic mold- 
ing resin such as that sold by E.I. du Pont de Nemours 
and Company of Wilmington, Delaware, under the trade 
name Rynite 530. 

[0056] Optionally, the thermoplastic resins may con- 
tain fiame retardant additives. The thermoplastic resins 
may also contain various types of reinforcements or fill- 
ers. Fiberglass or carbon fiber may be used to provide 
reinforced plastics. Various colored pigments may be 
added to the resin, such as titanium dioxide. Clays, cal- 
cium phosphate, calcium carbonate may be used as 
bulk fillers, and many other fillers such as talc and mica 
may be used to reinforce the material, to add strength 
or to modify other properties of the finished product such 
as stiffness. The resins may also contain plasticizers, 
and heat and light stabilizers. The amount of reinforce- 
ments or filler used may vary from about 1 to 70 weight 
per cent based on the weight of the polymer and filler 
present. The preferred type reinforcement is fiberglass, 
and it is preferred that the fiberglass be present in the 
amount of about 15 to 55 weight percent based on the 
total weight of the polymer and filler present. The ther- 
moplastic resins may be prepared by methods well 
known in the art. When reinforcements or fillers are 
used, they may be added to the thermoplastic polymers 
during the preparation of the resins or compounded in 
a separate step according to conventional methods 
known in the art. Preferably, the mold fixture includes a 
front portion comprising a split-frame 104 having por- 
tions 1 04a and 1 04b which unite to enclose the front end 
cap 26. Ayoke member 1 20 is associated with the frame 
104a, 104b to assist in holding the apparatus together 
when a high pressure is applied to the dies in the injec- 
tion molding process. Typically, pressures are applied 
during injection molding which correspond to about 
4,000 psi and without the yoke surrounding the end cap, 
the material of the end cap would likely rupture. The high 
pressure applied to the die, in conjunction with the yoke 
1 20, also tends to seal the line formed at the junction of 
the front end cap 28 and the stator assembly, so that the 
molten plastic injected under pressure will be retained 
within the motor and not flow through the potential leak- 
age path between the end cap and stator assembly. 
Frame 104 also includes a recess 105 (FIG. 14) that 
conforms to front end cap 26, whereby the face of end 
cap 26 abuts the frame recess 1 05, advantageously pro- 
viding a backing surface which prevents molten plastic 
from flowing out of pilot holes 80. 
[0057] The nold fixture also includes connector insert 
106 and rear portion 107. The rear portion 107 includes 
channel 108 which defines a fluid passage through 



which molten plastic flows to reach the stator assembly. 
The rear portion 107 also includes a cavity 109 that de- 
fines the space for the rear end cap 25, which is formed 
from the injected plastic. The connector insert 1 06 is dis- 
5 posed alongside the rear portion 107 so as to form a 
connector 41 (FIG. 1) that is integrally formed with the 
rear end cap 25. 

[0058] The mold fixture further includes a mandrel 110 
that is inse rted through the center of the stator assembly 

10 to form the central cylindrical bore. The mandrel 110 has 
a slightly smaller diameter than the sidewalls of the sta- 
tor assembly 27, as defined by the inwardly projecting 
stator poles 67, thereby providing a small cylindrical gap 
in which molten plastic flows to cover the pole teeth. 

15 (See Also FIG. 9) The mandrel 1 1 0 is secured in registry 
between the front and rear end portions 104 and 107 of 
the mold fixture, and, in this way, insures proper align- 
ment of the central bore within the stator assembly. 
[0059] Once the stator assembly 27 is secured within 

20 the mold fixture, pressure is applied to the fixture, and 
molten plastic is injected under pressure into channel 
1 08. The channel directs the molten plastic to the cham- 
ber 109, which it fills to define the rear end cap 25. The 
molten plastic flows under pressure throughout other 

25 parts of the stator assembly, including the space 68 be- 
tween stator poles (FIG. 6), the anchor holes 69 and pilot 
holes 80, the annular chamber 112 defined by the front 
end cap, and the cylindrical gap between the stator 
poles 67 and the mandrel 110 to form runner 98 (FIG. 

so •] 5). Once the assembly cools and the plastic has solid- 
ified, then the moid fixture is removed, and the honing 
process and rotor assembly previously described are 
carried out 

[0060] It is worthwhile to note that the injection mold- 

35 ing operation is a relatively rapid manufacturing proc- 
ess, and the subsequent cooling operation is also cor- 
respondingly fast. In contrast to prior molded motors 
which require one or two cure cycles in an oven, accord- 
ing to the present invention, the molten plastic which is 

40 injected into the motor at a very high temperature begins 
to cool almost immediately. Shortly after completion of 
the injection cycle, the plastic has cooled sufficiently to 
solidify. Once that occurs, the pressure on the mold is 
released, and the motor can be brought to the next sta- 

45 tion for a subsequent operation, and will cool in the in- 
terim. There is no need for oven curing of the internal 
material, simply adequate time to cool the plastic mass 
after solidification, so that subsequent operations can 
be performed. A typical 2 hour process time for the pot- 

50 ted motor (pot and cure cycle) is reduced to under a 
minute with the injection molding process taught herein. 
[0061] The nature of the connections between the ter- 
minating ends of the coil and the pins of the connector 
are also worth noting. The injection molding process op- 

55 erates at a temperature which is incompatible with many 
common forms of printed circuit boards, and thus the 
printed circuit boards which had been used in the past 
would require special adaptations in order to render 
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them compatible with injection molding temperatures. 
Thus, special printed circuit boards with foils adequately 
adhered to the substrate to withstand injection molding 
temperatures would be needed. 
[0062] In the practice of the present invention, those 
difficulties are avoided by the use of metal pins which 
are fusion welded directly to the terminating ends of the 
coils. This not only eliminates the need for and cost of 
the printed circuit board, but also provides a secure me- 
chanical and electrical connection which is entirely com- 
patible with the temperatures and pressures of the in- 
jection molding process. 

[0063] It will also be noted that some but not all of the 
advantages may be achieved in certain modified con- 
structions of the invention. For example, in low cost mo- 
tors and referring to FIGS. 16-18, the bearing surface 
31 in the rear end cap 35 can be made to accommodate 
a much smaller bearing than the bearing surface 32 of 
the front end cap. It is appreciated that the primary bear- 
ing wear in a motor is on the front bearing, and thus 
economies of production can be achieved by utilizing a 
smaller bearing at the rear of the shaft. That arrange- 
ment is readily adapted to the invention, except that the 
formation of the central bore of the stator is modified. A 
further alternative illustrated in these figures, as will be 
described in greater detail below, is the application of 
the invention to different motor types. The motor of 
FIGS. 16-18 is configured as an inexpensive universal 
motor, rather than as the stepper of the preferred em- 
bodiments. 

[0064] The stator assembly is shown in FIGS. 1 6 and 
17 as including a cylindrical stator body 150 having a 
pole structure 151, 152. The pole structure is either 
formed as a part of the body 150, or alternatively can 
be attached to the body. Windings 153, 154 serve to 
magnetize the poles 151, 152. 

[0065] in the low-cost motor of FIGS. 16-1 8 it is pre- 
ferred to form both of the end caps by injection molding. 
Thus, a front end cap 155, having mounting holes 156 
formed to serve the purpose of a mounting flange, is 
formed at one end of the stator body 150, A rear end 
cap 157, preferably having an electrical connector 158 
formed therein, is positioned at the other end of the cy- 
lindrical body 150. As best seen in FIG. 17, a plastic 
mass 160 fills the stator, with the exception of a cylin- 
drical aperture 1 61 which is adapted to receive the rotor. 
The plastic mass extends to both the end caps 1 56, 1 57 
and in the illustrated embodiment actually forms both of 
such end caps. It will be seen that the plastic mass 160 
encapsulates the windings 154 and fills all of the avail- 
able voids within the stator body 150. 
[0066] The rotor for this motor is shown in FIG. 18. A 
central cylindrical portion 170, which is illustrated in the 
drawing only schematically, forms the magnetically ac- 
tive portion of the rotor. It is positioned on a central shaft 
171 intermediate a pair of bearings or bearing surfaces. 
As in the prior embodiment, a relatively large diameter 
bearing 172, which is of about the same diameter as the 



rotor portion 1 70 (preferably slightly larger than the rotor 
portion) is positioned on one end of the shaft. The sec- 
ond end of the shaft in the FIG. 1 8 embodiment is simply 
machined at 173 to interface with a bushing positioned 
s in the associated end cap. When the motor is configured 
as a universal motor, the central portion of the rotor 170 
will be formed to include a commutator for interaction 
with brushes positioned in the stator assembly Although 
not illustrated in the drawings, the universal motor also 

10 has brushes in the stator to function with a commutator 
on the rotor. The brush holder description contained in 
the DC motor description (FIGS. 19-20) also applies to 
the motor described in FIGS. 16, 17 and 18. This is not 
shown in order to preserve clarity and to focus on the 

15 potting aspect of the invention. 

[0067] Turning attention again to the stator, it will be 
seen that the bore 161, as best seen in FIG. 16, is con- 
tinuous from the front end cap 156 through the centra! 
portion of the rotor, but stops short of the rear end cap 

20 157. A bearing mounting surface 174 is formed in the 
front end cap 156 for supporting the bearing 172. The 
rear end cap 157 has a smaller aperture 175 to also 
serve as a bearing support. Positioned in the aperture 
175 is a bushing 176 which Interfaces with a machined 

25 surface 1 73 on the rotor shaft to form a bearing structure 
for the rear end of the rotor shaft. While the central bore 
is thus stepped, the motor provides the advantageous 
features of the invention, including at least one injection 
molded end cap, with that end cap having a bearing sup- 

30 port surface formed therein for support of the rotor shaft. 
The stator is encapsulated with an injection molded 
mass to provide a smooth bore, good heat transfer and 
dissipation, and a sturdily unitized structure. Electrical 
connections can be made as in the prior embodiment, 

35 [0068] A number of alternatives are also available 
with this motor configuration. Among them is the possi- 
bility of eliminating the honing or lapping of the central 
portion of the bore 161 , and in some cases, the machin- 
ing of the bearing support surfaces. Thus, in some ap- 

40 plications, particularly such as a universal motor where 
the size of the air gap between the rotor and the poles 
of the stator is not so critical, the internal surface 1 79 of 
the central portion of the stator can be left in its "as mold- 
ed" configuration without additional lapping or honing. 

^5 Thus, the only machining operations which might be 
performed are those wh ich form the bearing support sur- 
faces 174, 176 in the respective end caps 155, 157. The 
use of a bushing 1 75 also illustrates a further alternative 
in which the bearing support surfaces need not be ma- 

50 chined. Thus, the surfaces 174, 175, in a particularly in- 
expensive motor, can simply be molded to an appropri- 
ate size, and bearing members press fit into the molded 
apertures. Bushings such as the metallic bushing 175 
illustrated in FIG. 16 can be used or polymeric bushings 

55 can also be used in the same way. This structure is par- 
ticularly advantageous for a very low cost motor such 
as a motor which might be used in automotive applica- 
tions for seat positioners or the like. That form of motor 
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is also better illustrated in FIGS. 19 and 20 which rep- 
resents a DC motor of inexpensive construction which 
can make use of press fit bearing structures, such as 
press fit polymeric bearings to reduce the manufacturing 
costs of such motor. 

[0069] FIGS. 1 9 and 20 show an alternative configu- 
ration which is like the earlier alternative in the provision 
of bearing surfaces in the respective end caps of differ- 
ent size, but which differs from that embodiment in the 
electrical and magnetic form of the motor. The motor of 
FIGS. 1 9 and 20 is a permanent magnet motor. As such, 
the poles require no windings, and the permanently 
magnetized polarization of those motors provides the 
means for magnetizing the poles. 
[0070] Turning to the drawings more specifically, it will 
be seen that the stator is based on a stator body 1 80. 
As best shown in FIG. 20 : a pair of permanent magnets 
181 , 182 are attached or affixed to the body 180. The 
motor of FIGS. 19 and 20 can be formed with a metal 
front end cap or an injection molded front end cap, as 
desired. In order to reduce cost in the motor of FIGS. 1 9 
and 20, the front end cap 183 is injection molded, as is 
the rear end cap 184. A mounting flange with mounting 
holes in the front end cap 1 83 is shown at 185. 
[0071] As in the other embodiments, an injection 
molded plastic mass 1 87 is formed in the stator body 
which encapsulates the poles and the magnetic struc- 
ture 181, 182, fills all voids in the body, forms at least 
the rear end cap 1 84, and in this case also the front end 
cap 187. This embodiment also shows the use of short 
locating pins 190 which are affixed to the metallic part 
of the stator body and serve as anchors for the plastic 
mass after it solidifies. 

[0072] The motor of FIGS. 19 and 20 is a DC motor, 
and thus the rotor requires a commutator structure illus- 
trated at 192. Brush holders 193, 194 are permanently 
fixed in position in the plastic mass during the injection 
molding process. As is conventional, brush holder caps 
are provided to allow removal of brushes 1 93a, 1 94a for 
motor maintenance. Wiring 1 95 is shown schematically 
as connecting the brush holders to a connector 196. 
Thus, the entire brush structure is permanently fixed in 
position along with its wiring during the injection molding 
process. 

[0073] The motor of FIGS. 1 9 and 20 also shows the 
implementation of cost reduction by means of a reduced 
size rear end cap bearing. Thus, the front end cap 1 83 
has a bearing support surface 200 formed therein which 
is about the same size as the central bore 201 . The rear 
end cap 184, however, has a smaller diameter bearing 
support surface 202 formed therein. Roller bearings 
could be used as the bearings in the front and rear end 
cap. However, for the low cost version, the motor of FIG. 
19 preferably employs bushings press fit into the bear- 
ing support surfaces 200, 202 and engaging machined 
sections of the rotor shaft 206. Preferably the support 
surfaces are injection molded with sufficient precision 
and adequate finish to allow the bushings to be press- 



fit into position without the need to first machine the 
bearing support surface. 

[0074] In all of these alternative embodiments, the 
stator of the motor is injection molded as has been de- 

s scribed in detail above to completely encapsulate the 
poles, windings and other materials in the stator, and to 
form a smooth bore through the center of the stator. In 
one embodiment, the major length of the bore, that in 
the region of the poles, is simply that which is formed by 

10 the mandrel in the injection molding fixture, and only the 
bearing surfaces in the front and rear end caps are ma- 
chined. In the alternative embodiment, a smooth bore is 
machined through the front end cap and the pole section 
of the stator, andasecond smaller diameter bearing sur- 

15 face machined in the rear end cap. In a further alterna- 
tive, no machining is required for the bore or the bearing 
support surfaces. In ail cases, however, the central bore 
which is presented to the rotor is a substantially contin- 
uous mass filled by the injection molded potting materi- 

20 al, and the fact that the stator is filled with such material 
provides enhanced properties such as thermal conduc- 
tivity 

[0075] It will now be appreciated that what has been 
provided is a new and reliably assembled electrical mo- 

25 tor in which the stator is assembled from substantially 
unmachined parts. After a lamination stack is assem- 
bled, insulated, wound and terminated, an unmachined 
end cap is disposed at the front end of the lamination 
stack and initially secured in register to form an interme- 

30 diate assembly. Once the intermediate assembly is se- 
cured, it is then molded to form a rear end cap and in- 
tegral connector, and permanently locks in register that 
which had been initially secured. An internal bore is then 
machined to produce a straight, smooth uninterrupted 

05 central bore for receiving the rotor, and forms bearing 
surfaces in the end caps. A previously assembted rotor 
assembly is then inserted into the smooth bore of the 
stator assembly, secured in place, and the motor, after 
magnetization of the rotor, is ready for service. 

40 [0076] The foregoing description of various preferred 
embodiments of the invention has been presented for 
purposes of illustration. Variations are possible within 
the scope of the appended claims. 



Claims 

1 . A method of producing an electrical motor (20) com- 
prising the steps of: 

constructing a rotor assembly (22) on a rotor 
shaft (50), the rotor assembly having bearings 
(23, 24) disposed near the ends of the rotor 
shaft (50); 

forming an intermediate stator assembly (21) 
by assembling a stack of stator laminations (27) 
having stator poles, insulating the stator poles, 
and wrapping the stator poles with stator wind- 



so 
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ings; 

placing the intermediate stator assembly into a 
mold fixture that includes an internal cavity 
shaped to define a rear end cap (25) for the sta- 
tor assembly (21) and a mandrel projecting & 
through the center of the intermediate stator as- 
sembly, to form a central bore (30); 
unitizing the stator assembly (21) by injecting 
molten thermoplastic resin under pressure into 
the mold fixture, whereby the molten plastic is io 
forced into the intermediate stator assembly 

(21) to encapsulate the stator windings, fill in- 
terior voids, and fill the mold cavity to form a 
rear end cap (25); 

cooling the assembly, to solidify the molten is 
plastic into a plastic mass, the plastic mass ex- 
tending to and including the formed end cap 
(25); 

machining a continuous bore (30) through the 
center of the molded stator assembly (21) to 20 
produce a concentric bore for the rotor assem- 
bly (22), the bore also producing mounting sur- 
faces (31 , 32) for receiving the rotor assembly 
bearings (23, 24); and 

mounting the rotor assembly (22) into the stator 25 
assembly (21) by inserting the rotor assembly 

(22) into the continuous bore (30) and engaging 
the rotor bearings (23, 24) with the mounting 
surfaces (31, 32). 

30 

2. The method of claim 1 , wherein the mold fixture in- 
cludes a connector forming portion, and the method 
further includes the step of disposing the connector 
forming portion in relation to the mold cavity that 
forms the rear end cap (25), so that the unitizing 35 
step forms a plastic connector (41) that is integral 
with the rear end cap (25). 

3. The method of claim 2, further including the step of 
providing a plurality of conductive pins (94) and 40 
electrically connecting the conductive pins to the 
stator windings, and further positioning the conduc- 
tive pins within the connector forming portion of the 
mold to provide proper alignment of the conductive 
pins with the connector (41). 45 

4. The method of claim 2 further including the steps of 
providing a plurality, of conductive pins (94), fusion 
welding the conductive pins (94) to the stator wind- 
ings for forming mechanical and electrical connec- so 
tions therewith, and fixing the pins (94) in position 

by flowing molten plastic under pressure around the 
pins in the step of unitizing. 

5. The method of claim 1, wherein the forming step ss 
includes stacking stator laminations (27a) having 
aligned anchor holes (69a), winding the lamination 
stack with stator windings (73), and positioning a 



front end cap (26) having pilot holes (80) aligned 
with the anchor holes (69) in the lamination stack, 

6. The method of claim 5, wherein the molten plastic 
in the unitizing step flows through the anchor holes 
(69) and into the pilot holes (80) of the end cap. 

7. The method of claim 5 including the step of inserting 
metal fasteners to secure the front end cap to the 
lamination stack prior to the step of unitizing. 

8. The method of claim 1 , wherein the forming step 
includes inserting an insulator into the intermediate 
stator assembly so as to surround the stator poles, 
and wrapping the stator windings over the insulator. 

9. The method of claim 8, wherein the molten plastic 
in the unitizing step is formed so as to encapsulate 
the insulator, stator poles, and stator windings. 

10. The method of claim 1, wherein the molten plastic 
in the unitizing step is formed so as to encapsulate 
the stator poles and stator windings and to form a 
front end cap (26) opposite the rear end cap (25). 

11. The method of claim 1 , further including the step of 
fusion welding a plurality of conductive pins (94) to 
the stator windings. 

1 2. The method of claim 1 1 , wherein the plastic is mold- 
ed to form a rear end cap (25) having an integral 
connector that surrounds the plurality of conductive 
pins. 

13. The method of claim 1, wherein the stator lamina- 
tions have a plurality of inwardly facing stator poles, 
each pole having a plurality of pole teeth (67) sep- 
arated by gaps, and in which the molten plastic en- 
capsulates the stator assembly in such a way as to 
deposit plastic in the gaps between the stator teeth. 

1 4. The method of claim 1 , further comprising the step 
of providing as the thermoplastically processible 
resin, a resin selected from the group consisting of 
6, 6-polyamide, 6-polyamide, 4,6-polyamide, 
12, 1 2-poiyamide, 6, 1 2-polyamide, polyamides 
containing aromatic monomers, polybutylene 
terephthalate, polyethylene terephthalate, polyeth- 
ylene napththalate, polybutylene naphthalate, aro- 
matic polyesters, liquid crystal polymers, polycy- 
clohexane dimethyloi terephthalate, copolyether- 
esters, polyphenylene sulfide, polyacylics, polypro- 
pylene, polyethylene, polyacetals, polymethylpen- 
tene, polyetherimides polycarbonate, polysulfone, 
polyethersulfone, polyphenylene oxide, polysty- 
rene, styrene copolymer, mixtures and graft copol- 
ymers of styrene and rubber, and mixtures thereof. 
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15. The method of claim 14, further comprising the step 
of adding to the resin a filler. 

16. The method of claim 14, further comprising the step 
of adding to the resin a reinforcement of fiberglass 
or cabon fiber. 

17. The method of claim 1, further comprising the step 
of providing as the plastic a glass reinforced poly- 
ethylene terephthalate thermoplastic molding resin. 

18. A method of producing an electrical motor compris- 
ing the steps of: 

constructing a rotor assembly (189) on a rotor 
shaft (171), the rotor assembly having bearings 
adapted for support by bearings (170, 173) lo- 
cated near the ends of the rotor shaft; forming 
an Intermediate stator assembly (150) having 
stator poles (66) and means for magnetizing 
the stator poles; placing the intermediate stator 
assembly into a mold fixture that includes an 
internal cavity shaped to define a rear end cap 
for the stator assembly and a mandrel project- 
ing through the center of the Intermediate stator 
assembly to form a centra] bore; unitizing the 
stator assembly by injecting molten glass rein- 
forced thermoplastic resin under pressure into 
the mold fixture, whereby the molten plastic is 
forced into the intermediate stator assembly to 
encapsulate the stator poles, fill interior voids, 
and fid the mold cavity to form a rear end cap 
(157); 

cool ing the assembly to sol idify the molten plas- 
tic into a plastic mass, the plastic mass forming 
a central bore (161) extending between the 
formed rear end cap (157) and a separate front 
end cap (1 55) having a flange for mounting the 
motor on a surface; 

forming bearing support surfaces (174, 175) in 
the end caps, the bearing surfaces being sized 
to receive the bearings adapted to support the 
rotor; and 

mounting the rotor assembly (170) into the sta- 
tor assembly (150) by inserting the rotor as- 
sembly (170) into the continuous bore (161) 
and engaging the rotor bearings (1 72, 176) with 
the mounting surfaces. 

19. The method of claim 18 wherein the step of forming 
bearing support surfaces forms a larger diameter 
bearing support surface in the front end cap (155) 
than in the rear end cap (157). 

20. The method of claim 19 in which the step of forming 
the bearing support surfaces includes the step of 
machining a smooth continuous bore (1 61 ) through 
the front end cap and the central bore but terminat- 



ing short of the rear end cap (155), and machining 
a smaller diameter bearing support surface in the 
rear end cap (157). 

5 21. The method of claim 18 further comprising the step 
of providing as the thermoplastically processible 
resin, a resin selected from the group consisting of 
6,6-polyamide, 6-polyamide, 4,6-polyamide, 
12,12-polyamide, 6,12-polyamide, polyamides 

10 containing aromatic monomers, polybutylene 
nerephthalate, polyethylene terephthlalate, poly- 
ethylene napththalate, polybutylene napththalate, 
aromatic polyesters, liquid crystal polymers, poly- 
cyclohexane dimethylol terephthalate, copolyether- 

is esters, polyphenylene sulfide, polyacylics, polypro- 
pylene, polyethylene, polyacetals, polymethylpen- 
tene, polyetherimides, polycarbonate, polysulfone, 
polyethersulfone, polyphenylene oxide, polysty- 
rene, styrene copolymer, mixtures and graft copol- 

20 ymers of styrene and rubber, and mixtures thereof. 

22. The method of claim 18, further comprising the step 
of providing as the plastic a glass reinforced poly- 
ethylene terephthalate thermoplastic molding resin. 

25 

23. An injection molded electrical motor assembly (20) 
comprising; 

a rotor assembly (22) having a central rotor por- 
30 tion (51 ) on a rotor shaft (50), and a rotor bear- 

ing (23, 24) disposed near each end of the rotor 
shaft (50); 

a unitary stator assembly (21) including a stator 
lamination stack (27) forming stator poles, sta- 
35 tor windings carried on the stator poles, a front 

end cap (26) positioned on one end of the lam- 
ination stack, and a high strength plastic unitiz- 
ing member comprising a unitary injection 
molded thermoplastic resin that substantially 
40 encapsulates the stator poles and windings and 

fills interior voids of the lamination stack, there- 
by unitizing the stator assembly (21 ), the plastic 
mass extending to and forming a rear end cap 
(25) disposed on the other end of the lamination 
45 stack (27) opposite the front end cap (26); and 

a continuous bore (30) formed in the stator as- 
sembly (21) through the front end cap (26), the 
stator lamination stack (27), and the rear end 
cap (25), the continuous bore defining mount- 
so ing surfaces in the end caps for receiving the 

rotor bearings (23, 24) the rotor assembly (22) 
being carried within the bore formed in the sta- 
tor assembly with the rotor bearings engaging 
the mounting surfaces in the end caps, an air 
55 gap being defined between the central rotor 

portion and the stator lamination stack (27). 

24. The electrical motor of claim 23 : wherein the front 
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end cap (26) is fabricated from metal and has pilot 
holes (80), the lamination stack having anchor 
holes (69), the plastic mass extending from the an- 
chor holes in the lamination stack to the pilot holes 
in the front end cap to form plastic rivets which se- 
cure the front end cap to the lamination stack. 

25. The electrical motor of claim 23, wherein the front 
end cap (26) is fabricated from metal and has pilot 
holes (80) which align with anchor holes (69) in the 
lamination stack, threaded fasteners (28) inserted 
through the pilot holes into the anchor holes for se- 
curing the front end cap to the lamination stack and 
preventing creep, the plastic mass surrounding the 
threaded fasteners and filling the front end cap. 

26. The electrical motor of claim 23, wherein the front 
end cap (26) is an injection molded plastic member 
forming a part of said plastic mass, the front end 
cap (26) further having a bearing support surface 
formed directly in the plastic mass. 

27. The electrical motor of claim 23, wherein the stator 
laminations (27) have a plurality of inwardly facing 
stator poles (66), each of the poles having a plurality 
of inwardly facing teeth (67a) separated by gaps, 
the plastic mass extending into the gaps. 

28. The electrical motor of claim 26 further including 
magnetic inserts (85) in the gaps, the plastic mass 
in the gaps serving to secure the inserts in the gaps. 

29. The electrical motor of claim 23, wherein the mold- 
ed rear end cap (25) encapsulates an insulator in- 
sert that substantially surrounds the stator poles, 
the insulator carrying the stator windings. 

30. The electrical motor of claim 23, wherein a matrix 
of conductive pins (94) are electrically connected to 
the stator windings, and the molded rear end cap 
(25) includes a connector housing (41) integrally 
formed of injection molded plastic that is disposed 
around the matrix of pins, the housing adapted to 
receive a mating connector. 

31 . The electrical motor of claim 30 wherein the electri- 
cal connections between the conductive pins (94) 
and the stator windings comprises fusion welds se- 
curing the pins to the windings. 

32. The electrical motor of claim 23, wherein the front 
end cap (26) is integrally formed of injection molded 
plastic. 

33. The electrical motor of claim 23, wherein the plastic 
is athermoplastically processible resin. 

34. The electrical motor of claim 23, wherein the ther- 



moplastically processible resin is selected from the 
group consisting of 6,6-polyamide, 6-polyamide, 
4,6-polyamide, 12,12-poiyamide, 6,12-polyamide, 
polyamide- containing aromatic monomers, poly- 

s butylene terephthalate, polyethylene terephthalate, 
polyethylene napththalate, polybutylene napththa- 
late, aromatic polyesters, liquid crystal polymers, 
polycyclohexane dimethylol terephthalate, copoly- 
etheresters, polyphenylene sulfide, polyacylics, 

10 polypropylene, polyethylene, polyacetals, 
polymethylpentene, polyetherimides, polycar- 
bonate, polysulfone, polyethersulfone, polyphe- 
nylene oxide, polystyrene, styrene copolymer, mix- 
tures and graft copolymers of styrene and rubber, 

is and mixtures thereof. 

35. The electrical motor of claim 34, wherein the plastic 
further comprises a filler. 

20 36. The electrical motor of claim 34, wherein the plastic 
further comprises a reinforcement of fiberglass or 
carbon fiber. 

37. The electrical motor of claim 23, wherein the plastic 
25 js a glass reinforced polyethylene terephthalate 

thermoplastic molding resin. 

38. An injection molded electrical motor assembly com- 
prising; 

30 

a rotor assembly (170) having a central rotor 
portion on a rotor shaft (171), and a rotor bear- 
ing (170, 173) disposed near each end of the 
rotor shaft; 

35 a unitary stator assembly (1 50) including stator 

poles (66) and means for magnetizing the sta- 
tor poles, a front end cap (155) positioned on 
one end of the lamination stack and having a 
flange for mounting the motor on a su rface, and 
40 a plastic unitizing member comprising a unitary 

glass reinforced injection molded thermoplastic 
resin that substantially encapsulates the stator 
poles and fills interior voids in the stator, there- 
by unitizing the stator assembly, the plastic 
45 mass extending to and forming a rear end cap 

(157) disposed on the other end of the lamina- 
tion stack opposite the front end cap; and 
bearing support surfaces in the front and rear 
end caps (155, 1 57) separated by a bore ( 1 6 1 ) 
50 of a size sufficient to receive the central rotor 

portion (1 70), the bearing support surfaces de- 
fining mounting surfaces in the end caps for re- 
ceiving the rotor bearings, the rotor assembly 
being carried in the bore formed in the stator 
55 assembly with the rotor bearings engaging the 

mounting surfaces in the end caps, an air gap 
being defined between the central rotor portion 
and the stator lamination stack. 
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39. The electrical motor of claim 38 wherein the bearing 
support surface for the front end cap has a larger 
diameter than the bearing support surface for the 
rear end cap. 

5 

40. The electrical motor of claim 39 in which the bearing 
support surface for the front end cap continues into 
a smooth bore formed through the central bore but 
terminating short o~ the rear end cap, a smaller di- 
ameter bearing support surface being formed in the 10 
rear end cap. 

41. The electrical motor of claim 38 wherein the ther- 
moplastically processible resin is selected from the 
group consisting of 6,6-poiyamide, 6-poly-mide, is 
4,6-polyamide, 12,12-polyamide, 6,12-polyamide, 
polyamides containing aromatic monomers, poly- 
butylene terephthalate, polyethylene terephthalate, 
polyethylene napththatate, polybutylene napththa- 
late, aromatic polyesters, liquid crystal polymers, 20 
polycyclohexane dimethylol terephthalate, copoly- 
etheresters, polyphenylene sulfide, polyacylics, 
polypropylene, polyethylene, polyacetals, 
polymethylpentene, polyetherimides, polycar- 
bonate, polysulfone. polyethersulfone, polyphe- 25 
nylene oxide, polystyrene, styrene copolymer, mix- 
tures and graft copolymer- of styrene and rubber, 
and mixtures thereof. 

42. The electrical motor of claim 38 wherein the plastic oo 
is a glass reinforced polyethylene terephthalate 
thermoplastic molding resin. 2. 



Patentanspruche 35 

1. Verfahren zur HerstelJung eines Elektromotors (20) 
mit den folgenden Schritten: 

Aufbau einer Rotorbaugruppe (22) auf einer 40 
Rotorweile (50), wobei die Rotorbaugruppe La- 
ger (23, 24) aufweist : die nahe den Enden der 3. 
Rotorweile (50) angeordnet sind; 

Formen einer Zwischenstatorbaugruppe (21) 45 
durch Zusammensetzen eines Stapels von 
Statorblechen (27) mit Statorpolen, I soli e re n 
der Statorpole und Bewickeln der Statorpole 
mit Statorwicklungen; 

so 4. 

Einsetzen der Zwischenstatorbaugruppe in ei- 
ne Formhaltevorrichtung, die einen inneren 
Hohlraum aufweist, der so geformt ist, daB er 
eine hintere AbschluBkappe (25) fur die Stator- 
baugruppe (21) und einen Dorn definiert, der 55 
durch die Mitte der Zwischenstatorbaugruppe 
vorsteht, um eine zentrale Bohrung (30) zu bil- 
den; 



SpritzgieBen der Statorbaugruppe (21) nach 
dem Vorformling durch Einspritzen von ge- 
schmolzenem thermoplastischem Harz unter 
Druck in die Formhaltevorrichtung, wodurch 
der geschmolzene Kunststoff in die Zwischen- 
statorbaugruppe (21 ) gepreBt wird, um die Sta- 
torwicklungen einzubetten, innere Hohlraume 
zu fullen und den Formhohlraum zum Formen 
einer hinteren AnschluBkappe (25) zu fullen; 

Abkuhlen der Baugruppe, um den geschmolze- 
nen Kunststoff zu einer Kunststoff masse er- 
starren zu lassen, wobei die Kunststoff masse 
sich bis zu der geformten AbschluBkappe (25) 
erstreckt und diese einschlieBt, 

Anbringen durch spanendes Bearbeiten einer 
Durchgangsbohrung (30) durch die Mitte der 
formgepreBten Statorbaugruppe (21), um eine 
konzentrische Bohrung fur die Rotorbaugruppe 
(22) herzustellen, wobei die Bohrung auBer- 
dem Montageflachen (31, 32) zur Aufnahme 
der Lager (23, 24) der Rotorbaugruppe er- 
zeugt; und 

Einbau der Rotorbaugruppe (22) in die Stator- 
baugruppe (21 ) durch Einsetzen der Rotorbau- 
gruppe (22) in die Durchgangsbohrung (30) 
und in Eingriff bringen der Rotorlager (23, 24) 
mit den Montageflachen (31 , 32). 

Verfahren nach Anspruch 1 : wobei die Formhalte- 
vorrichtung einen Verbinderformabschnitt aufweist 
und das Verfahren ferner einen Schritt zum Anord- 
nen des Verbinderformabschnitts im Verhaltnis zum 
Formhohlraum aufweist, der die hintere 
AbschluBkappe (25) formt, so daB durch den Spritz- 
guBschritt mit Vorformling ein Kunststoffverbinder 
(41 ) geformt wird, der in die hintere AbschluBkappe 
(25) integriert ist. 

Verfahren nach Anspruch 2, das auBerdem den 
Schritt zum Bereitstellen mehrerer Leiterstifte (94) 
und zur elektrischen Verbindung der Leiterstifte mit 
den Statorwicklungen und ferner die Anordnungder 
Leiterstifte innerhalb des Verbinderformabschnitts 
der Form aufweist, um fur die richtige Ausrichtung 
der Leiterstifte mit dem Verbinder (41 ) zu sorgen. 

Verfahren nach Anspruch 2, das auBerdem die 
Schrrtte Bereitsteilung mehrerer Leiterstifte (94), 
SchmelzschweiBen der Leiterstifte (94) an die Sta- 
torwicklungen, um mechanische und elektrische 
Verbindungen zu diesen herzustellen, und Fixieren 
der Stifte (94) in ihrer Position durch UmgieBen der 
Stifte mit geschmolzenem Kunststoff unter Druck 
beim SpritzguBschritt mit Vorformling aufweist. 
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5. Verfahren nach Anspruch 1, wobei der Formge- 
bungsschritt das Stapeln von Statorblechen (27a) 
mit ausgerichteten Ankerlochern (69a), Bewickeln 
des Blechstapels mit Statorwicklungen (73) und Po- 
sitionieren einer vorderen AbschluBkappe (26) mit s 
Fuhrungslochern (80) aufweist, die auf die Anker- 
locher (69) in dem Blechstapel ausgerichtet sind. 

6. Verfahren nach Anspruch 5, wobei der geschmol- 
zene Kunststoff in dern SpritzguBschritt mit Vor- 10 
formling durch die Ankerlocher (69) und in die Fuh- 
rungsldcher (80) der AbschluBkappe flieBt. 

7. Verfahren nach Anspruch 5, das den Schritt Einset- 
zen von Metallverbindungselementen zum Befesti- is 
gen der vorderen AbschluBkappe an dem Blechsta- 

pel vor dem SpritzguBschritt mit Vorformling ein- 
schlieBt. 

8. Verfahren nach Anspruch 1, wobei der Forrnge- 20 
bungsschritt das Einsetzen eines Isolators in die 
Zwischenstatorbaugruppe, so da/3 dieser die Sta- 
torpole umgibt, und das Wickeln der Statorwicklun- 
gen uberden Isolator aufweist. 

25 

9. Verfahren nach Anspruch 8, wobei der geschmol- 
zene Kunststoff in dem SpritzguBschritt mit Vor- 
formling so geformt wird, daB er den Isolator, die 
Statorpole und die Statorwicklungen einbettet. 

30 

10. Verfahren nach Anspruch 1, wobei der geschmol- 
zene Kunststoff in dem SpritzguBschritt nach Vor- 
formling so geformt wird, daB er die Statorpole und 
Statorwicklungen einbettet und eine vordere Ab- 
schluBkappe (26) gegenuber der hinteren Ab- 35 
schluBkappe (25) bildet. 

11. Verfahren nach Anspruch 1 , das ferner den Schritt 
SchmelzschweiBen mehrerer Leiterstifte (94) an 

die Statorwicklungen aufweist. 40 

12. Verfahren nach Anspruch 11, wobei der Kunststoff 
so geformt wird, daB er eine hintere AbschluBkappe 
(25) mit einem integrierten Verbinder bildet, der die 
mehreren Leiterstifte umgibt. 45 

13. Verfahren nach Anspruch 1 , wobei die Statorbleche 
mehrere nach innen gewandte Statorpole aufwei- 
sen, wobei jeder Pol mehrere durch Zwischenrau- 

me voneinander getrennte Polzahne (67) aufweist, £0 
und wobei der geschmolzene Kunststoff die Stator- 
baugruppe so einbettet, daB Kunststoff in die Zwi- 
schenraume zwischen den Statorzahnen einge- 
bracht wird. 

55 

14. Verfahren nach Anspruch 1 , das ferner den Schritt 
zum Bereitstellen eines Harzes, das aus der Grup- 
pe ausgewahlt ist, die aus 6,6-Polyamid, 6-Poly- 



amid, 4,6-Polyamid, 12,12-Polyamid, 6,12-Poly- 
amid, Polyamiden, die aromatische Monomere ent- 
halten, Polybutylenterephthalat, Polyethylenter- 
ephthalat, Poiyethylennaphthalat, Polybutylen- 
naphthalat, aromatischen Polyestern, Flussigkri- 
stallpolymeren, Polycyclohexandimethylolter- 
ephthalat, Copolyetherestern, Polyphenylensulfid, 
Poiyacylen, Polypropylen, Polyethylen, Polyaceta- 
len,. Polymethylpenten, Polyetherimiden, Polycar- 
bonat, Polysuifon, Poiyethersulfon, Polyphenylen- 
oxid, Polystyrol, Styrol-Copolymer, Gemischen und 
Propfcopolymeren von Styrol und Kautschuk und 
deren Gemischen besteht, als thermoplastisch ver- 
arbeitbares Harz aufweist. 

15. Verfahren nach Anspruch 14, das ferner den Schritt 
der Zugabe eines Fullstoffs zu dem Harz aufweist. 

16. Verfahren nach Anspruch 14, das iemerden Schritt 
der Zugabe einer Verstarkung aus Glasfaser Oder 
Kohlefaser zu dem Harz aufweist. 

17. Verfahren nach Anspruch 1, das ferner den Schritt 
der Bereitstedung eines glasfaserverstarkten ther- 
moplastischen Polyethylenterephthalat-PreBhar- 
zes als Kunststoff aufweist. 

18. Verfahren zur Herstellung eines Elektromotors mit 
den folgenden Schritten: 

Aufbau einer Rotorbaugruppe (189) auf einer 
Rotorwelle (171), wobei die Rotorbaugruppe 
Lager aufweist, die zur Aufnahme durch Lager 
(172, 173) angepaBt sind, die nahe den Enden 
der Rotorwelle angeordnet sind; Formen einer 
Zwischenstatorbaugruppe (150) mit Statorpo- 
len (66) und Einrichtungen zum Magnetisieren 
der Statorpole; Einsetzen der Zwischenstator- 
baugruppe in eine Formhaftevorrichtung, die 
einen inneren Hohlraum aufweist, der so ge- 
formt ist, daB er eine hintere AbschluBkappe fur 
die Statorbaugruppe und einen Dorn definiert, 
der durch die Mitte der Zwischenstatorbau- 
gruppe vorsteht, um eine zentrale Boh rung zu 
bilden; SpritzgieBen der Statorbaugruppe nach * 
dem Vorformling durch Einspritzen von ge- 
schmolzenem, glasfaserverstarktem thermo- 
plastischem Harz unter Druck in die Formhal- 
tevorrichtung, wodurch der geschmolzene 
Kunststoff in die Zwischenstatorbaugruppe ge- 
preBt wird, um die Statorpole einzubetten, in- 
nere Hohlraume zu fullen und den Formhohl- 
raumzum Formen einer hinteren AnschluBkap- 
pe (157) zu fOllen; 

Abkuhlen der Baugruppe, um den geschmolze- 
nen Kunststoff zu einer Kunststoff masse er- 
starren zu iassen, wobei die Kunststoffmasse 
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eine zentrale Bohrung (161 ) bildet, die sich zwi- 
schen der geformten AbschluBkappe (1 57) und 
einer getrennten vorderen AbschluBkappe 
(155) mit einem Flansch zur Montage des Mo- 
tors auf einer Oberflache erstreckt; s 

Formen von Lageraufnahmeflachen (174, 175) 
in den AnschluBkappen, wobei die Lagerfla- 
chen so bemessen sind, daB sie die Lager auf- 
nehmen, in denen der Rotor gelagert ist; und 10 

Einbau der Rotorbaug ruppe (170) in die Stator- 
baugruppe (150) durch Einsetzen der Rotor- 
baugruppe (170) in die Durchgangsbohrung 
(161) und in Eingriff bringen der Rotorlager is 
(172, 173) mit den Montageflachen. 

19. Vertahren nach Anspruch 18, wobei der Schritt zurn 
Formen der Lageraufnahmeflachen in der vorderen 
AbschluBkappe (155) eine Lageraufnahmeflache 20 
von groBerern Durchmesser ausbildet als in derhin- 
teren AbschluBkappe (157). 

20. Verfahren nach Anspruch 19, wobei der Schritt zurn 
Formen der Lageraufnahmeflachen den Schritt 25 
zurn Anbringen einer glatten Durchgangsbohrung 
(161) durch spanendes Bearbeiten in der vorderen 
AbschluBkappe und der zentralen Bohrung, die 
aber kurz vor der hinteren AbschluBkappe (1 57) en- 
det, und zurn Anbringen einer Lageraufnahmefla- 30 
che mit kleinerem Durchmesser durch spanendes 
Bearbeiten in der hinteren AbschluBkappe (157) 

auf we ist. 

21 . Verfahren nach Anspruch 1 8, das ferner den Schritt 35 
zurn Bereitstellen eines Harzes, das aus der Grup- 

pe ausgewahlt ist, die aus 6,6-PoIyamid, 6-Poly- 
amid, 4,6-Polyamid, 12,12-Polyamid, 6,12-Poly- 
amid, Polyamiden, die aromatische Monomere ent- 
halten, Polybutylenterephthalat, Polyethylenter- 40 
ephthalat, Polyethylennaphthalat, Polybutylen- 
naphthalat, aromatischen Polyestern, FIGssigkri- 
stallpolymeren Polycyclohexandimethylolter- 
ephthalat, Copolyetherestern, Polyphenylensulfid, 
Polyacylen, Polypropylen, Polyethylen, Polyaceta- 45 
len, Polymethylpenten, Polyetherimiden, Polycar- 
bonat, Polysulfon, Polyethersulfon, Polyphenylen- 
oxid, Polystyrol, Sty rol -Copolymer, Gemischen und 
Propfcopolymeren von Styrol und Kautschuk und 
deren Gemischen besteht, als thermoplastisch ver- so 
arbeitbares Harz aufweist. 

22. Verfahren nach Anspruch 1 8, das ferner den Schritt 
der Bereitstellung etnes glasfaserverstarkten ther- 
moplastischen Polyethylenterephthalat-PreBhar- 55 
zes als Kunststoff aufweist. 

23. Spritzgegossene Elektromotoreinheit (20), die auf- 



weist: 

eine Rotorbaug ruppe (22) mit einem zentralen 
Rotorabschnitt (51) auf einer Rotorwelle (50) 
und je einem nahe jedem Ende der Rotorwelle 
(50) angeordneten Rotorlager (23, 24); 

eine einheitlich Statorbaugruppe (21) mit ei- 
nem Statorblechstapel (27) mit ausgebildeten 
Statorpolen, auf den Statorpoten getragenen 
Statorwicklungen, einer an einem Ende des 
Blechstapels angeordneten vorderen Ab- 
schluBkappe (26) und einem aus hochfestem 
Kunststoff bestehenden Baukastenelement, 
das ein nach Vorformling spritzgegossenes 
thermoplastisches Harz aufweist, das die Sta- 
torpole und -wicklungen weitgehend einbettet 
und innere Hohlraume des Blechstapels aus- 
fullt, wodurch die Statorbaugruppe (21) nach 
dem Baukastenprinzip gefertigt wird, wobei 
sich die Kunststoffmasse bis zu einer am ande- 
ren Ende des Blechstapels (27) gegenuber der 
vorderen AbschluBkappe (26) angeordneten 
hinteren AbschluBkappe (25) erstreckt und die- 
se formt; und 

eine Durchgangsbohrung (30), die in der Sta- 
torbaugruppe (21) durch die vordere 
AbschluBkappe (26), den Statorblechstapel 
(27) und die hinteren AbschluBkappe (25) hin- 
durchgeht, wobei die Durchgangsbohrung in 
den AbschluBkappen Montageflachen zur Auf- 
nahme der Rotorlager (23, 24) bildet, wobei die 
Rotorbaugruppe (22) innerhalb der in der Sta- 
torbaugruppe ausgebildeten Bohrung getragen 
wird, wobei die Rotorlager mit den Montagefla- 
chen in den AbschluBkappen im Eingriff sind, 
und wobei zwischen dem zentralen Rotorab- 
schnitt und dem Statorblechstapel (27) ein Luft- 
spalt ausgebildet ist. 

24. Elektromotor nach Anspruch 23 ( wobei die vordere 
AbschluBkappe (26) aus Metall gefertigt wird und 
FOhrungslocher (80) aufweist, wobei der Blechsta- 
pel Ankerlocher (69) aufweist, wobei sich die Kunst- 
stoffmasse von den Ankerlochem im B [echstapel zu 
den Fuhrungslochern in dervorderen AbschluBkap- 
pe erstreckt und Kunststoffnieten bildet, welch e die 
vordere AbschluBkappe an dem Blechstapel befe- 
stigen. 

25. Elektromotor nach Anspruch 23, wobei die vordere 
AbschluBkappe (26) aus Metall gefertigt wird und 
FOhrungslocher (80) aufweist, die auf Ankerlocher 
(69) im Blechstapel ausgerichtet sind, wobei mit 
Gewinde versehene Befestigungselemente (28) 
durch die FOhrungslocher in die Ankerlocher einge- 
setzt werden, um die vordere AbschluBkappe an 
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dern Biechstapel zu befestigen und ein Kriechen zu 
verhindern, wobei die Kunststoff masse die Gewin- 
debefestigungselemente umgibt und die vordere 
AbschluBkappe ausfullt. 

5 

26. Elektromotor nach Anspruch 23, wobei die vordere 
AbschluBkappe (26) ein spritzgegossenes Kunst- 
stoffelement ist, das einen Teil der Kunststoffmasse 
bildet, wobei die vordere AbschluBkappe (26) fer- 
ner eine direkt in der Kunststoffmasse ausgebildete 10 
Lageraufnahmeflache aufweisl 

27. Elektromotor nach Anspruch 23, wobei die Stator- 
blecne (27) mehrere nach innen gewandte Stator- 
pole (66) aufweisen, wobei jeder der Pole mehrere is 
nach innen gewandte, durch Zwischenraume ge- 
trennte Zahne (67a) aufweist, wobei sich die Kunst- 
stoffmasse in die Zwischenraume erstreckt. 



Polybutylenterephthalat, Polyethylenterephthalat, 
Polyethyiennaphthalat, Polybutylennaphthalat, 
aromatischen Polyestem, Flussigkristaflpolyme- 
ren, Polycyclohexandimethylolterephthalat, Copo- 
lyetherestern, Polyphenylensulfid, Polyacylen, Po- 
lypropylen, Polyethylen, Polyacetalen, Polymethyl- 
penten, Polyetherimiden, Polycarbonat, Polysul- 
fon, Polyethersulfon, Polyphenylenoxid, Polystyrol, 
Styrol -Copolymer, Gemischen und Propfcopolyme- 
ren von Styrol und Kautschuk und deren Gemi- 
schen besteht. 

35. Elektromotor nach Anspruch 34, wobei der Kunst- 
stoff ferner einen Fullstoff aufweist. 

36. Elektromotor nach Anspruch 34, wobei der Kunst- 
stoff ferner eine Verstarkung aus Glasfaser Oder 
Kohlefaser aufweist. 



28. Elektromotor nach Anspruch 26, der ferner Magne- 
teinsatze (85) in den Zwischenraumen aufweist, 
wobei die Kunststoffmasse in den Zwischenraumen 
zur Befestigung der Einsatze in den Zwischenrau- 
men dient. 

29. Elektromotor nach Anspruch 23, wobei die geform- 
te hintere AbschluBkappe (25) einen Isolatorein- 
satz einschlieBt, der im wesentlichen die Statorpole 
umgibt, wobei der isolator die Statorwicklungen 
tragi 

30. Elektromotor nach Anspruch 23, wobei eine Matrix 
von Leiterstiften (94) elektrisch mit den Statorwick- 
lungen verbunden ist, und wobei die geformte hin- 
tere AbschluBkappe (25) ein einstuckig aus spritz- 
gegossenem Kunststoff geformtes Verbinderge- 
hause (41 ) aufweist, das urn die Stiftmatrix herum 
angeordnet ist, wobei das Gehause so angepaBt 
ist, daB es einen Gegensteckverbinder aufnimmt. 

31. Elektromotor nach Anspruch 30, wobei die efektri- 
schen Verbindungen zwischen den Leiterstiften (94) 
und den Statorwicklungen SchmelzschweiBverbin- 
dungen aufweisen, mit denen die Stifte an den Wick- 
lungen befestigt sind. 

32. Elektromotor nach Anspruch 23, wobei die vordere 
AbschluBkappe (26) einstuckig aus Kunststoff- 
preBmasse geformt ist. 

33. Elektromotor nach Anspruch 23, wobei der Kunst- 
stoff ein thermoplastisch verarbeitbares Harz ist. 

34. Elektromotor nach Anspruch 23, wobei das thermo- 
plastisch verarbeitbare Harz aus der Gruppe aus- 
gewahlt ist, die aus 6,6-Polyamid, 6-Polyamid, 
4,6-Polyamid, 12,12-Polyamid, 6,12-Polyamid, Po- 
lyamiden, die aromatische Monomere enthalten, 



20 37. Elektromotor nach Anspruch 23, wobei der Kunst- 
stoff ein glasfaserverstarktes thermoplastisches 
Polyethylenterephthalat-PreBharz ist. 

38. Spritzgegossene Elektromotoreinheit, die aufweist; 

25 

eine Rotorbaugruppe (170) mit einem zentra- 
len Rotorabschnitt auf einer Rotorwelle (171) 
und je einem nahe jedem Ende der Rotorwelle 
angeordneten Rotorlager (172, 173); 

30 

eine einheitlich Statorbaugruppe (150) mit Sta- 
torpolen (66) und Einrichtungen zum Magneti- 
sieren der Statorpole, einer an einem Ende des 
Blechstapels angeordneten vorderen Ab- 

35 schluBkappe (155) mit einem Flansch zur Mon- 

tage des Motors auf einer Oberflache und ei- 
nem Baukastenelement aus Kunststoff, das ein 
mit Vorformfing spritzgegossenes, glasfaser- 
verstarktes thermoplastisches Harz aufweist, 

40 das die Statorpole weitgehend einbettet und in- 

nere Hohfraume im Stator ausfullt, wodurch die 
Statorbaugruppe nach dem Baukastenprinzip 
gefertigt wird, wobei sich die Kunststoffmasse 
bis zu einer am anderen Ende des Blechstapels 

45 gegenuber der vorderen AbschluBkappe ange- 

ordneten hinteren AbschluBkappe (157) er- 
streckt und diese formt; und 

Lageraufnahmeflachen in den vorderen und 
so hinteren AbschiuBkappen (155, 157), die durch 

eine Bohrung (161) von ausreichender GroBe 
zur Aufnahme des zentralen Rotorabschnitts 
(170) getrennt sind, wobei die Lageraufnahme- 
flachen in den AbschiuBkappen Montagefia- 
55 chen zur Aufnahme der Rotorlager bilden, wo- 

bei die Rotorbaugruppe in der Bohrung aufge- 
nommen wird, die in der Statorbaugruppe aus- 
gebildet ist, wobei die Rotorlager mit den Mon- 
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tageflachen in den AbschluBkappen im Eingriff 
sind, wobei zwischen dem zentralen Rotorab- 
schnitt unddem Statorblechstapel ein Luftspalt 
ausgebildet ist. 

s 

39. Elektromotor nach Anspruch 38, wobei die Lager- 
aufnahmeflache fur die vordere AbschluBkappe ei- 
nen groBeren Durchmesser aufweistals die Lager- 
aufnahmeflache fur die hintere AbschluBkappe. 

10 

40. Elektromotor nach Anspruch 39 ; wobei die Lager- 
aufnahmeflache fur die vordere AbschluBkappe 
sich in einer in der zentralen Bohrung ausgebilde- 
ten glatten Bohrung fortsetzt, die aber kurz vor der 
hinteren AbschluBkappe endet f wobei in der hinte- is 
ren AbschluBkappe eine Lageraufnahmeflache von 
kleinerem Durchmesser ausgebildet 1st. 

41 . Elektromotor nach Anspruch 38, wobei das thermo- 
plastisch verarbeitbare Harz aus der Gruppe aus- 20 
gewahlt ist, die aus 6,6-Polyamid, 6-PoJyamid, 
4,6-Polyamid, 12,12-Polyamid, 6,12-Polyamid, Po- 
lyamiden, die aromatische Monomere enthalten, 
Polybutylenterephthaiat, Polyethylenterephthalat, 
Poiyethylennaphthaiat, Polybutylennaphthalat, 25 
aromatischen Polyestern, Flussigkristallpolyme- 
ren, Polycyclohexandimethylolterephthalat, Copo- 
lyetherestern, Polyphenylensulfid, Polyacylen, Po- 
ly propy (en, Polyethyfen, Polyacetalen, Poiymethyi- 
penten, Polyetherimiden, Poiycarbonat, Polysul- so 
fon, Polyethersuffon, Pofyphenyienoxid, Polystyrol, 
Styrol-Copolymer, Gemischen und Propfcopolyme- 

ren von Styrol und Kautschuk und deren Gemi- 
schen besteht. 

35 

42. Elektromotor nach Anspruch 38, wobei der Kunst- 2. 
stoff ein glasf as erverstar fetes thermoplastisches 
Polyethylenterephthalat-PreBharz ist. 

40 

Revenclications 

1. Procede" de production d'un moteur electrique (20) 
comprenant les etapes consistant a; 

45 

construire un ensemble rotor (22) sur un arbre 3. 
de rotor (50), I'ensemble rotor comportant des 
paliers (23, 24) disposes pres des extremites 
de I'arbre de rotor (50); 

50 

former un ensemble stator intermediate (21) 
en assemblant une pile de toles de stator (27) 
ayant des poles de stator, isoler les poles de 
stator, et envelopper les poles de stator avec 
des enroulements de stator; 55 

4. 

placer I'ensemble stator intermediaire a l'int§- 
rieur d'un accessoire de moulage qui comprend 



une cavite interne formee de fagon a definir un 
obturateur posterieur (25) destine a I'ensemble 
stator (21) et un mandrin faisant saillie au cen- 
tre de I'ensemble stator intermediaire pour for- 
mer un al§sage central (30); 

unifier I'ensemble stator (21) en injectant une 
resine thermoplastique fondue sous pression a 
I'interieur de I'accessoire de moulage, ce par 
quoi la matiere plastique fondue est forcee 
d'entrer a I'interieur de I'ensemble stator inter- 
mediaire (21 ), de fagon a encapsuler les enrou- 
lements de stator, a emplir les vides interieurs, 
et a emplir la cavite de I'accessoire de moulage, 
pour former un obturateur posterieur (25); 

ref roidir I'ensemble de fagon a solidifier la ma- 
tiere plastique fondue en une masse plastique, 
la masse plastique s'etendant vers I'obturateur 
forme (25) et comprenant celui-ci; 

usiner un alesage continu (30) atravers le cen- 
tre de I'ensemble stator moule (21), de fagon a 
produire un alesage concentrique prevu pour 
I'ensemble rotor (22), i'alesage produisant aus- 
si des surfaces de montage (31 , 32) destinees 
a recevoir les paliers de I'ensemble rotor (23, 
24); et 

monter I'ensemble rotor (22) a I'interieur de 
I'ensemble stator (21) en in&erant I'ensemble 
rotor (22) a I'interieur de I'alesage continu (30) 
et en mettant en contact les paliers de rotor (23, 
24) avec les surfaces de montage (31 , 32). 

Procede selon la revendication 1 , dans lequel I'ac- 
cessoire de moulage comprend une partie de for- 
mation de connecteur, et le procede comprend en 
outre I'etape consistant a disposer la partie de for- 
mation de connecteur par rapport a la cavite" de 
moulage qui forme I'obturateur posterieur (25), de 
sorte que I'etape d'unification forme un connecteur 
en matiere plastique (41) qui est d'un seul tenant 
avec I'obturateur posterieur (25). 

Procede selon la revendication 2, comprenant en 
outre I'etape consistant a pr^voir une pluralite de 
broches conductrices (94) et a relier electriquement 
les broches conductrices aux enroulements de sta- 
tor, et a positionner en outre les broches conductri- 
ces a I'interieur de la partie de formation de connec- 
teur du moule, de fagon a produire un alignernent 
correct des broches conductrices avec le connec- 
teur (41). 

Procede selon la revendication 2, comprenant en 
outre les etapes consistant a prevoir une pluralite 
de broches conductrices (94), a souder par fusion 
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les broches conductrices (94) aux enroulements de 
stator de fagon a former avec eux des connexions 
mecaniques et electriques, et a fixer les broches 
(94) en position en faisant couler une matiere plas- 
tique fondue sous pression autour des broches lors 
de I'etape d'unification. 

5. Procede selon la revendication 1 , dans lequel I'eta- 
pe de formation comprend I'etape consistant a em- 
piler les toles de stator (27a) ayant des trous d'an- 
crage alignes (69a), a bobiner la pile de toles avec 
des enroulements de stator (73), et a positionner un 
obturateur anterieur (26) ayant des avant-trous (80) 
alignes avec les trous d'ancrage (69) dans la pile 
de t6les. 

6. Procede" selon la revendication 5, dans lequel la 
matiere plastique fondue dans I'etape d'unification 
coule a travers les trous d'ancrage (69) et a I'inte- 
rieur des avant-trous (80) de I'obturateur. 

7. Procede selon la revendication 5, comprenant I'eta- 
pe consistant a insurer des fixations metalliques 
pour fixer I'obturateur anterieur a la pile de toles 
avant I'etape d'unification. 

8. Procede selon la revendication 1 , dans lequel I'eta- 
pe de formation comprend I'etape consistant a in- 
surer un isolant a I'interieur de I'ensemble stator in- 
termediate de facon a entourer les poles de stator, 
et a enrouler les enroulements de stator sur I'iso- 
(ant. 

9. Procede selon la revendication 8, dans lequel la 
matiere plastique fondue lors de I'etape d'unifica- 
tion est formee de facon a encapsuler I'isolant, les 
poles de stator, et les enroulements de stator. 

10. Procede selon la revendication 1, dans lequel la 
matiere plastique fondue lors de I'etape d'unifica- 
tion est formee de facon a encapsuler les poles de 
stator et les enroulements de stator et a former un 
obturateur anterieur (26) oppose a I'obturateur pos- 
terieur (25). 

11. Procede selon la revendication 1, comprenant en 
outre I'etape consistant a souder par fusion une plu- 
rality de broches conductrices (94) aux enroule- 
ments de stator. 

12. Procede selon la revendication 11, dans lequel la 
matiere plastique est moulee de facon a former un 
obturateur posterieur (25) ayant un connecteur d'un 
seul tenant qui entoure la pluralite de broches con- 
ductrices. 

13. Procede selon la revendication 1, dans lequel les 
toles de stator ont une pluralite de poles de stator 



orients vers I'interieur, chaque pole comportant 
une plurality de dents (67) separ£es par des ecar- 
tements, et dans lequel la matiere plastique fondue 
encapsule I'ensemble stator de maniere a deposer 
s la matiere plastique dans les ecartements entre les 
dents de stator. 

14. Procede selon la revendication 1, comprenant en 
outre I'etape consistant a prevoir, comme resine 

10 pouvant etre mise en oeuvre de facon thermoplas- 
tique, une resine selectionnee a partir du groupe 
constituedu polyamide-6,6, du polyamide-6, du po- 
lyamide-4,6, du polyamide-12,12, du polyamide- 
6,12, des polyamides contenant des monomeres 

15 aromatiques, du polybutylene terephtalate, du po- 
lyethylene terephtalate, du polyethylene naphtala- 
te, du polybutylene naphtalate, des polyesters aro- 
matiques, des polymeres a cristaux liquides, du po- 
lycyclohexane dimethylol terephtalate, des copoly- 

20 etheresters, du polysulfure de phenylene, des po- 
lyacyliques, du polypropylene, du polyethylene, des 
polyacetals, du polym6thylpentene, des polyetheri- 
rnides, du polycarbonate, du polysulfone, du poly- 
ethers ulfone, de I'oxyde de polyphenylene, du po- 

25 lystyrene, d'un copolymere de styrene, des melan- 
ges et des copolymeres de styrene et de caout- 
chouc greffes, et de leurs melanges. 

15. Procede selon la revendication 14, comprenant en 
30 outre I'etape consistant a ajouter une charge a la 

resine. 

16. Procede selon la revendication 14, comprenant en 
outre I'etape consistant a ajouter a la resine un ren- 

35 fort de fibres de verre ou de fibres de carbone. 

17. Procede selon la revendication 1, comprenant en 
outre I'etape consistant a prevoir comme matiere 
plastique, une resine a mouler thermoplastique en 

40 polyethylene terephtalate renforcee par des fibres 
de verre. 

1 8. Precede de production d'un moteur electrique com- 
prenant les etapes consistant a: 

45 

construire un ensemble rotor (1 89) sur un arbre 
de rotor (171), I'ensemble rotor comportant des 
paliers adapted a un support par des paliers 
(172, 173) situes pres des extremites de I'arbre 

so de rotor; former un ensemble stator interme- 

diaire (1 50) comportant des poles de stator (66) 
et un moyen destine a magnetiser les poles de 
stator; placer I'ensemble stator intermediaire a 
I'interieur d'un accessoire de moulage qui com- 

55 prend une cavite interne formee de facon a de- 

finir un obturateur posterieur prevu pour I'en- 
semble stator et un mandrin faisant saillie au 
centre de I'ensemble stator intermediaire, pour 
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former un alesage central; unifier ('ensemble 
stator en injectant sous pression une resine 
thermoplastique fondue renforcee par des fi- 
bres de verre a I'interieur de I'accessoire de 
moulage, ce par quoi la matiere plastique fon- s 
due est forcee d'entrer a i'interieur de I'ensem- 
ble stator intermediate pour encapsuler les po- 
les de stator, emplir ies vides interieurs, et em- 
plir la cavite du moule afin de former un obtu- 
rateur posterieur (1 57); 10 

refroidir ('ensemble de facon a solidifier la ma- 
tiere plastique fondue en une masse plastique, 
la masse plastique formant un alesage central 
(161) s'etendant entre I'obturateur posterieur 15 
forme (157) et un obturateur anterieur distinct 
(1 55) dote d'une collerette destinee a monter le 
moteur sur une surface; 

former des surfaces de support de paiiers (1 74, 20 
175) dans les obturatours, les surfaces pour 
paliers etant dimensionnees pour recevoir les 
paiiers aptes a supporter le rotor; et 

monter I'ensemble rotor (170) a I'interieur de 25 
('ensemble stator (150) en inserant I'ensemble 
rotor (170) a I'interieur de I'alesage continu 
(161) et en mettant en contact les paiiers de 
rotor (1 72, 1 73) avec les surfaces de montage. 

30 

19. Procede sefon la revendication 18, dans lequel 
I'etape consistant a former les surfaces de support 
de paiiers forme une surface de support de paiier a 
diametre plus grand dans I'obturateur anterieur 
(155) que dans I'obturateur posterieur (157). 35 

20. Procede" selon la revendication 19, dans lequel 
I'etape consistant a former les surfaces de support 
de paiiers comprend I'etape consistant a usiner un 
alesage continu lisse (161) atravers I'obturateur an- 40 
terieur et I'alesage central, mais qui se termine peu 
avant I'obturateur posterieur (157), et a usiner une 
surface de support de paiier a diametre plus petit 
dans I'obturateur posterieur (157). 

45 

21. Procede selon la revendication 18, comprenant en 
outre I'etape consistant a prevoir comme resine 
pouvant etre mise en oeuvre de facon thermoplas- 
tique, une resine selectionnee a partir du groupe 
constitue du polyamide-6,6, du polyamide-6, du po- so 
lyamide-4,6, du polyamide-12,12, du polyamide- 
6,12, de polyamides contenant des monomeres 
aromatiques, du polybutylene terephtalate, du po- 
lyethylene terephtalate, du polyethylene naphtala- 

te, du polybutylene naphtalate, des polyesters aro- 65 
matiques,. des polymeres acristaux liquides, du po- 
lycyclohexane dimethylol terephtalate, des copoly- 
etheresters, du polysulfure de phenylene, des po- 



lyacyliques, du polypropylene, du polyethylene, des 
polyacetals, du polymethylpentene, des polyetheri- 
mides, du polycarbonate, du polysulfone, du poly- 
ethersulfone, de I'oxyde de polyphenylene, du po- 
lystyrene, d'un copolymere de styrene, des melan- 
ges et des copolymeres de styrene et de caout- 
chouc greffes, et de leurs melanges. 

22. Procede selon la revendication 18, comprenant en 
outre I'etape consistant a prevoir, comme matiere 
plastique, une resine a mouler thermoplastique en 
polyethylene terephtalate renforcee par des fibres 
de verre. 

23. Ensemble moteur electrique moule par injection 
(20) comprenant; 

une ensemble rotor (22) comportant une partie 
de rotor centrale (51) sur un arbre de rotor (50), 
et un paiier de rotor (23, 24) dispose pres de 
chaque extremite de I'arbre de rotor (50); 

un ensemble stator monobloc (21 ) comprenant 
une pile de t6les de stator (27) formant des p6- 
les de stator, des enroulements de stator portes 
sur les p6les de stator, un obturateur anterieur 
(26) positionne sur une extremite de la pile de 
toles, et un element d'unification en matiere 
plastique a resistance elevee comprenant une 
resine thermoplastique moulee par injection 
monobloc qui encapsule sensiblement les po- 
les de stator et les enroulements, et qui emplit 
les vides interieurs de Ja pile de toles, un if iant 
de ce fait I'ensemble stator (21 ), la masse plas- 
tique s'etendant vers un obturateur posterieur 
(25) dispose sur I'autre extremite de la pile de 
toles (27) opposee a I'obturateur anteneur (26) 
et formant celui-ci; et 

un alesage continu (30) forme dans I'ensemble 
stator (21) a travers I'obturateur anterieur (26), 
la pile de toles de stator (27), et I'obturateur 
posterieur (25), I'alesage continu definissant 
des surfaces de montage dans les obturateurs 
destinees a recevoir les paiiers de rotor (23, 
24), I'ensemble rotor (22) etant supporte a I'in- 
terieur de I'alesage forme dans I'ensemble sta- 
tor, les paiiers de rotor etant en contact avec 
les surfaces de montage situees dans les ob- 
turateurs, un ecartement d'air etant defini entre 
la partie de rotor centrale et la pile de toles de 
stator (27). 

24. Moteur electrique selon la revendication 23, dans 
lequel I'obturateur anterieur (26) est fabrique a par- 
tir d'un metal et comporte des avant-trous (80), la 
pile de toles comportant des trous d'ancrage (69), 
la masse plastique s'etendant des trous d'ancrage 
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dans la pile de toles aux avant-trous dans I'obtura- 
teur anterieur, de facon a former des rivets en ma- 
tiere plastique qui fixent I'obturateur anterieur a la 
pile de toles. 

25. Moteur electrique selon ia revendication 23, dans 
lequel i'obturateur anterieur (26) est fabrique a par- 
tir d'un metal et comporte des avant-trous (80) qui 
sont alignes avec les trous d'ancrage (69) dans la 
pile de toles, des fixations filetees (28) inserees a 
travers les avant-trous a I'int6rieur des trous d'an- 
crage pour fixer i'obturateur anterieur a la pile de 
toles et empecher tout fluage, la masse plastique 
entourant les fixations filetees et emplissant I'obtu- 
rateur anterieur. 

26. Moteur electrique selon la revendication 23, dans 
lequel I'obturateur anterieur (26) est un Element en 
matiere plastique moule par injection formant une 
partie de ladite masse plastique, i'obturateur ante- 
rieur (26) ayant en outre une surface de support de 
palier formee directement dans la masse plastique. 

27. Moteur electrique selon la revendication 23, dans 
lequel les toles de stator (27) comportent une plu- 
rality de p6(es de stator orientes vers I'interieur (66), 
chacun des p6les ayant une pluralite de dents 
orientees vers I'interieur (67a) separ£es par des 
ecartements, la masse plastique s'etendant a i'inte- 
rieur des ecartements. 

28. Moteur electrique selon la revendication 26, com- 
prenant en outre des inserts magnetiques (85) dans 
les ecartements, la masse plastique situee dans les 
ecartements servant a fixer les inserts dans les 
ecartements. 

29. Moteur electrique selon la revendication 23, dans 
lequel I'obturateur posterieur moule (25) encapsule 
un insert isolant qui entoure sensiblement les poles 
de stator, I'isolant supportant les enroulements de 
stator. 

30. Moteur electrique selon la revendication 23, dans 
lequel une matrice de broches conductrices (94) est 
reliee 6Iectriquement aux enroulements de stator, 
et I'obturateur posterieur moule (25) comprend un 
boTtier connecteur (41 ) forme d'un seul tenant a par- 
tir de la matiere plastique moulee par injection qui 
est disposee autour de la matrice de broches, le 
boTtier 6Xant apte a recevoir un connecteur corres- 
pondant. 

31. Moteur electrique selon la revendication 30, dans 
lequel les connexions electriques entre les broches 
conductrices (94) et les enroulements de stator 
comprennent des soudures par fusion fixant les 
broches aux enroulements. 



32. Moteur electrique selon la revendication 23, dans 
lequel I'obturateur anterieur (26) est forme d'un seul 
tenant a partir de matiere plastique moulee par in- 
jection. 

5 

33. Moteur electrique selon la revendication 23, dans 
lequel la matiere plastique est une resine pouvant 
etre mise en oeuvre de fagon thermoplastique. 

10 34. Moteur electrique selon la revendication 23, dans 
lequel la resine pouvant etre mise en oeuvre de fa- 
gon thermoplastique est selectionnee a partir du 
groupe constitue du polyamide-6,6, du polyamide- 
6, du polyamide-4,6, du polyamide-12,12, du poly- 

15 amide-6,12, de polyamides contenant des mono- 
meres aromatiques, du polybutylene terephtalate, 
du polyethylene terephtalate, du polyethylene 
naphtalate, du polybutylene naphtalate, des poly- 
esters aromatiques, des polymeres a cristaux liqui- 

20 des, du polycyclohexane dimethyloi terephtalate, 
des copolyetheresters, du polysulfure de phenyle- 
ne, des polyacyliques, du polypropylene, du polye- 
thylene, des polyacetaJs, du polymethylpentene, 
des polyetherimides, du polycarbonate, du polysul- 

25 tone, du polyethersulfone, de I'oxyde de polyphe- 
nylene, du polystyrene, d'un copolymere de styre- 
ne, des melanges et des copolymeres de styrene 
et de caoutchouc greffes, et de leurs melanges. 

30 35. Moteur electrique selon la revendication 34, dans 
lequel la matiere plastique comprend en outre une 
charge. 

36. Moteur electrique selon la revendication 34, dans 
35 lequel la matiere plastique comprend en outre un 

renfort de fibres de verre ou de fibres de carbone. 

37. Moteur electrique selon la revendication 23, dans 
lequel la matiere plastique est une resine a mouler 

40 thermoplastique en polyethylene terephtalate ren- 
forcee par des fibres de verre. 

38. Ensemble moteur electrique moule par injection 
comprenant; 

45 

un ensemble rotor (170) comportant une partie 
de rotor centrale sur un arbre de rotor (1 71 ), un 
palier de rotor (172, 173) dispose pres de cha- 
que extremite de I'arbre de rotor; 

so 

un ensemble stator monobloc (150) compre- 
nant des poles de stator (66) et un moyens des- 
tine a magnetiser les poles de stator, un obtu- 
rateur anterieur (1 55) positionne sur une extre- 
55 mite de la pile de toles et comportant une col- 

lerette destinee a monter le moteu r sur une su r- 
face, et un element d'unification en matiere 
plastique comprenant une resine thermoplasti- 
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que moulee par injection monobloc renforcee 
par des fibres de verre qui encapsule sensible- 
ment les poles de stator et emplit les vides in- 
terieurs du stator, unifiant de ce fait Pensemble 
stator, la masse plastique s'etendant vers un s 
obturateur posterieur (157) dispose sur I'autre 
extremite de la pile de to les opposee a I'obtu- 
rateur anterieur et formant celui-ci; et 

des surfaces de support de paliers situees dans 10 
les obturateurs anterieur et posterieur (155, 
1 57) separ6es par un alesage (1 61 ) d'une taille 
suffisante pour recevoir la partie de rotor cen- 
trale (170), les surfaces de support de paliers 
definissant des surfaces de montage dans les is 
obturateurs destinees a recevoir les paliers de 
rotor, Pensemble rotor etant supporte dans 
l'alesage forme dans ('ensemble stator, les pa- 
liers de rotor etant en contact avec les surfaces 
de montage situees dans les obturateurs : un 20 
ecartement d'air etant defini entre la partie de 
rotor centrale et la pile de toles de stator. 



lequel la matiere plastique est une resine a mouler 
thermoplastique en polyethylene terephtalate ren- 
forcee par des fibres de verre. 



39. Moteur electrique selon la revendication 38, dans 
lequel la surface de support de palier prevue pour 25 
I'obturateur anterieur a un diametre plus grand que 
la surface de support de palier prevue pour I'obtu- 
rateur posterieur. 



40. Moteur electrique selon la revendication 39, dans 30 
lequel la surface de support de palier prevue pour 
I'obturateur anterieur continue dans un alesage iis- 
se forme a travers l'alesage central mais se termine 
peu avant I'obturateur posterieur, une surface de 
support de palier a diametre plus petit etant formee 35 
dans I'obturateur posterieur. 



41. Moteur electrique selon la revendication 38, dans 
lequel la resine pouvant etre mise en oeuvre de fa- 
gon thermoplastique est selectionnee a partir du 40 
groupe constitue du polyamide-6, 6, du polyamide- 

6, du polyamide-4, 6, du polyamide-12, 12, du po- 
lyamide-6, 1 2, de polyamides contenant des mono- 
meres aromatiques, du polybutylene terephtalate, 
du polyethylene terephtalate, du polyethylene 4S 
naphtalate, du polybutylene naphtalate, des poly- 
esters aromatiques, des polymeres a cristaux liqui- 
des, du polycyclohexane dimethylol terephtalate, 
des copoiyetheresters, du polysuIfure.de phenyte- 
ne, des polyacyliques, du polypropylene, du polye- $° 
thylene, des polyacetals, du polymethylpentene, 
des polyetherimides, du polycarbonate, du polysul- 
fone, du polyethersulfone, de I'oxyde de polyphe- 
nylene, du polystyrene, d'un copolymere de styre- 
ne, des melanges et des copolymeres de styrene 55 
et de caoutchouc greffes, et de leurs melanges. 

42. Moteur electrique selon la revendication 38, dans- 
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